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CROSS-REFERENCE TO RELATED APPLICATIONS 

5 This application claims priority from provisional application serial numbers 

60/264,228, filed January 25, 2001 and 60/290,019, filed May 1 1, 2001, incorporated 
herein by reference in its entirety. 

10 FIELD OF THE INVENTION 

The invention relates to methods of orally administering epothilones to 
a patient in a manner that increases bioavailablity. The invention further relates to 
pharmaceutical compositions, pharmaceutical dosage forms, and kits for use in the 
methods of the invention. In particular, the invention relates to a solid oral dosage 

15 form of an epothilone. 

BACKGROUND OF THE INVENTION 
Epothilones are 16 member cyclic macrolide molecules which find 
utility in the pharmaceutical field. For example, Epothilone A and B are naturally 
20 occurring compounds that can be isolated from certain microorganisms; these two 
compounds have the following structures: 




Epothilone A R = H 
Epothilone B R = Me 
25 Since the introduction of epothilones into the art, many groups have been designing, 
synthesizing and testing analogs of the naturally occurring epothilones in an attempt 
to develop useful pharmaceuticals. {See, e.g., D. Schinzer et al., Angew. Chem. Int. 
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Ed. Engl, 1997, 36, No. 3, 523-524; K.C. Nicolaou, et al., J. Amer. Chem. Soc, 1997, 
1 19, 7974-7991; K.C. Nicaloau et al., Angew. Chem. Int. Ed. Engl., 1996, 35, No. 20, 
2399-2401; A. Balog et al., Angew. Chem. Int. Ed. Engl, 1996, 35, No. 23/24, 2801- 
2803). 

5 Known epothilones exert microtubule-stabilizing effects similar to 

Taxol® and therefore exhibit cytotoxic activity against rapidly proliferating cells, 
such as occur in cancer and other hyperproliferative cellular diseases (See Angew. 
Chem. Int. Ed Engl, Vol. 35, No. 13/14, 1996 and D.M. Bollag, Exp. Opin. Invest. 
Drugs, 6(7): 867-873, 1997). 

1 0 Before epothilones can be used to treat diseases in patients, however, 

they must be formulated into a pharmaceutical composition that can be administered 
to the patient; for example, into a dosage form suitable for oral, mucosal (e.g. , nasal, 
sublingual, vaginal, buccal, or rectal), parenteral (e.g., subcutaneous, intravenous, 
bolus injection, intramuscular, or intraarterial), or transdermal administration. 

1 5 Formulations for oral administration are particularly preferred since they are more 
convenient and easier to administer than other formulations. Also, the oral route of 
administration avoids the pain and discomfort of parenteral administration. 1 
Accordingly, formulations for oral adrninistration are preferred by patients and result 
in better patient compliance with dosing schedules. 

20 The usefulness of an oral formulation, however, requires that the active 

agent be bioavailable. Bioavailability of orally administered drugs is affected by 
various factors including, for example, drug absorption throughout the gastrointestinal 
tract, stability of the drug in the gastrointestinal tract, and the first pass effect. Thus, 
effective oral delivery of an active agent requires that the active agent have sufficient 

25 stability in the stomach and intestinal lumen to pass through the intestinal wall. Many 
drugs, however, tend to degrade quickly in the intestinal tract or have poor absorption 
in the intestinal tract so that oral administration is not an effective method for 
administering the drug. 

Pharmaceutical compositions intended for oral administration are 

30 typically solid dosage forms (e.g., tablets) or liquid preparations (e.g., solutions, 

suspensions, or elixirs). Solid dosage forms, however, can impose restrictions on the 
pharmaceutical use of the active agent since some patient populations have difficulty, 
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either physical or psychological, in swallowing solid oral dosage forms. If a liquid 
dosage form is available, these patients could more easily take the required dose of 
active ingredient by having it administered in the form of an oral liquid preparation 
that they can drink or having it administered, for example, by a naso-gastric tube. 

5 Thus, liquid oral dosage forms are desirable. 

Liquid oral pharmaceutical compositions require a suitable solvent or 
carrier system to dissolve or disperse the active agent to enable the composition to be 
administered to a patient. The solvent system must be compatible with the active 
agent and be non-toxic to the patient Commonly, the solvent for liquid oral 

0 formulations is a water based solvent 

The formulation of certain epothilones presents difficulties in addition 
to the normal hurdles, in that certain epothilones are either or both acid labile and/or 
poorly soluble in aqueous media, which is the media of first choice for oral solutions. 
The present invention, however, overcomes these difficulties and provides methods 

5 and pharmaceutical formulations for the oral administration of epothilones wherein 
the epothilones are sufficiently bioavailable to have a pharmacological effect. 

SUMMARY OF THE INVENTION 
The present invention encompasses a method of orally delivering 
0 epothilones to a mammal while reducing or avoiding the degradation, decomposition, 
or deactivation of the epothilone by the gaslromtestinal system, particularly by gastric 
fluid in the stomach. In one embodiment the method encompasses admimstering the 
epothilone in, or with, a pharmaceutically acceptable acid neutralizing buffer. In a 
preferred embodiment the administration comprises the use of two solutions, one 
5 comprising the active epothilone alone, or in a pharmaceutically acceptable carrier, 
and the other comprising the pharmaceutically acceptable neutralizing buffer. 

The invention therefore includes pharmaceutical compositions 
comprising an epothilone either in a solid form which is suitable for constitution, or 
reconstitution if lyophilized, into a pharmaceutically acceptable solution or as a pre- 
0 made solution. The invention also encompasses pharmaceutical compositions 
comprising a pharmaceutically acceptable neutralizing buffer either in solid form 
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suitable for constitution, or reconstitution if lyophilized, into a pharmaceutically 
acceptable solution or as a pre-made solution. 

In a more specific embodiment, the present invention is directed to 
methods of increasing the bioavailability of an orally administered epothilone. The 
5 methods involve orally administering one or more epothilones of Formula: 





(la) 



(lb) 



wherein: 

G is selected from the group consisting of alkyl, substituted alkyl, aryl, 
10 substituted aryl, heterocyclo, 



(a) 



/ NT 
| 



00 



(c) 



WisQorNRie; 

X is O; S; CHR 17 ; or H, Ri 8 ; 

Y is selected from the group consisting of O; H, H; H, OR 22 ; OR23, OR23; 
NOR 24 ; H, NOR 25 ; H, HNR 26 R 27 ; NHNR 2g R 29 ; H, NHNR30R31 or CHR32, where 
ORa, OR 2 3 can be a cyclic ketal; 

B x and B 2 are selected from the group consisting of H, OR 33 , OCOR34, 
OCONR35R36, NR37R38, or NR39CONR40R41; 

D is selected from the group consisting of NR42R43 or heterocyclo; 
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Ri, R 2 , R3, R4, and R 5 are selected from H, lower alkyl; 

Rs, Rg, Rio and Rn are selected from the group consisting of H, alkyl, 
substituted alkyl, aryl, substituted aryl, cycloalkyl, heterocyclo or substituted 
heterocyclo; 

5 R17, R 18} R22, and R23 are selected from the group consisting of H, alkyl, and 

substituted alkyl; 

R 24 , R 2 5, R26, R28, R30, R32, R$3, R34, RjS, R36, R37, R39, R40, R«, R>2, R5I, R52, 

R53, and R6i are selected from the group of H, alkyl, substituted alkyl, aryl or 
substituted aryl; 

1 0 R12, Ri6, R27 s R29> R3i, R38, and R43, are selected from the group consisting of 

H, alkyl, substituted alkyl, substituted aryl, cycloalkyl, heterocyclo, R 5 iC=0, 
R 52 OC=0, R53SO2, hydroxy, and O-alkyl or O-substituted alkyl, 

or a pharmaceutically acceptable salt, solvate, hydrate, clathrate or prodrug 
thereof; and orally administering one or more pharmaceutically acceptable acid 

15 neutralizing buffers. 

The pharmaceutically acceptable acid neutralizing buffer may be 
administered concurrently with, before, after, or both before and after administration 
of the one or more epothilones of interest When administered before the active 
epothilone, the pharmaceutically acceptable acid neutralizing buffer is adrninistered 

20 not more than about 1 hour before the epothilone is administered. When adrninistered 
after, the pharmaceutically acceptable acid neutralizing buffer is administered not 
more than about 1 hour after the epothilone is administered. 

The pharmaceutically acceptable acid neutralizing buffer solution, 
which may be a liquid formulation and which may be constituted immediately prior to 

25 administration, comprises one or more components that are capable of neutralizing 
acidic solutions, particularly gastric fluid, for a period of time. The buffer 
components include, but are not limited to, pharmaceutically acceptable weak acids, 
weak bases, or mixtures thereof. Preferably, the buffer components are water soluble 
materials such as phosphoric acid, tartaric acids, lactic acid, succinic acid, citric acid, 

30 acetic acid, ascorbic acid, aspaitic acid, hydrochloric acid, sulfuric acid, glutamic 
acid, and salts thereof. 
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The pharmaceutically acceptable acid neutralizing buffer is 
administered in an amount sufficient to neutralize gastric fluids in the stomach and 
increase the amount of the epothilone that is absorbed by the gastrointestinal system. 
The pharmaceutically acceptable acid neutralizing buffer may be administered as an 
5 aqueous solution having a pH of between about 5 to 9. The pharmaceutically 

acceptable acid neutralizing buffer may be administered as an aqueous solution of 
anhydrous dibasic sodium phosphate, sodium citrate dihydrate, and anhydrous citric 
acid. 

The present invention increases the bioavailabiUty of the orally 
1 0 admmistered epothilone significantly above that of an epothilone orally administered 
without a neutralizing buffer. In one embodiment the bioavailability of the one or 
more epothilones or a pharmaceutically acceptable salt, solvate, clathrate, hydrate, or 
prodrug thereof is at least 20 percent. The one or more epothilones or a 
pharmaceutically acceptable salt, solvate, clathrate, hydrate, or prodrug thereof may 
15 be orally administered as a solution in propylene glycol and ethanol, for example, 
wherein the ratio of propylene glycol:ethanol is about 80:20. 

A preferred epothilone is [1S-[1R*, 3R*(E), 7R*, 10S*, 1 1R*, 16S*]]- 
7, 11-dihydroxy 8, 8,10,12,16-pentamethyl-3-[l-methyl-2-(2-methyl-4- 
thiazolyl)ethenyl-17-oxa-4-azabicyclo[14.1 .0]heptadecane-5, 9-dione. 
20 The invention also encompasses kits which comprise the desired 

epothilone and a soluble buffer composition. The invention encompasses a kit 
comprising (a) a pharmaceutical composition comprising an epothilone which is 
suitable for oral adniinistration and (b) a pharmaceutical composition comprising an 
acid neutralizing buffer which is suitable for oral administration. 
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In one embodiment the kits include: 
(i) a first component comprising one or more epothilones of Formula: 




da) Ob) 



5 wherein G, W, X, Y, Bi, B 2 , D, Ri, R 2 , R 3 , R», Rs, Rs, R9, Rio, R11, R12, Ri& R17, Ris, 

R22, R 2 3, R24, R 2 5, R26, R 2 7, R 2 «, R29, RSO, Rsi, R32, R33, R34, R35, R36, R37, R 3 g, R39, R40, 

R41, R42, R43 R51, R52, R53, and Rfii are defined above; and 

(ii) a second component comprising a pharmaceutically acceptable acid 
neutralizing buffer, 

1 0 wherein the first component and the second component are provided as a 

liquid oral dosage form or as a solid pharmaceutical composition that can be 
constituted or reconstituted with a solvent to provide a liquid oral dosage. 

The pharmaceutical composition to be reconstituted with a solvent may 
be provided as a tablet The first component or the second component may be 

1 5 anhydrous. The kit may optionally include solvents for reconstituting the first or 
second components. The solvent for reconstituting the first component may be a 
mixture of propylene glycol and ethanol, wherein the ratio of propylene 
glycohethanol is about 80:20. 

The invention is further directed to a pharmaceutical composition 

20 comprising: 

(i) one or more epothilones of Formula: 
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(la) Ob) 



wherein G, W, X, Y, Bi, B 2 , D, R,, R 2 , R 3) R4, R 5 , Rs, R9, Rio, R11, R12, Ri& R17, Ri8, 
R22, R23, R24, R25, R26, R27, R 28j R29, Rao, R31, R32, R33, R34, R35, R36, Rs?, R 3 8, R39, Rto, 
R41, R42, R43 R51, R52, R53, and R6i are defined above, or a pharmaceutically 
5 acceptable salt, solvate, clathrate, hydrate or prodrug thereof in solid form; and 

(ii) a solid pharmaceutically acceptable acid neutralizing buffer in an amount 
sufficient to reduce decomposition of the one or more epothilones, or a 
pharmaceutically acceptable salt, solvate, clalhrate, hydrate, or prodrug thereof when 
the pharmaceutical composition is reconstituted with a solvent to provide a liquid oral 
10 dosage form. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1. Mean plasma concentration profiles for Compound (A) vs. 
time in dogs after IV administration at 0.5 mg/kg, -±-, and oral adrninistration of a 2 
15 mg/kg solution, Vertical bars represent standard deviations and are shown where 
larger than the symbol size. 

FIG. 2. Mean plasma concentration profiles for Compound (B) vs. 
time in dogs after IV administration at 0.5 mg/kg, -±-, and oral administration of a 2 
mg/kg solution, Vertical bars represent standard deviations and are shown where 
20 larger than the symbol size. 
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DETAILED DESCRIPTION OF THE INVENTION 
Based upon the pharmacological benefits of epothilones, there is need 
for dosage forms and methods for administering these compounds so that they are 
sufficiently bioavailable to have a pharmacological effect. In particular, there is a 
need for oral dosage forms and more particularly for liquid oral dosage forms that can 
deliver an amount of epothilone sufficient to treat disease. The present invention is 
based, in part, on the discovery that epothilones of Formula (la) or (lb): 




(la) (lb) 

wherein: 

10 G is selected from the group consisting of alkyl, substituted alkyl, aryl, 

substituted aryl, heterocyclo, 

(a) (b) ( C ) 

WisOorNRi 6 ; 

Xis 0; S;CHRn;orH, Rig 
15 Y is selected from the group consisting of O; H, H; H, OR22; OR23, OR23; 

NOR.24; H, NOR 25 ; H, HNR 26 R 2 7; NHNR28R29; H, NHNR30R31 or CHR32, where 
OR23, OR23 can be a cyclic ketal; 

Bi and B 2 are selected from the group consisting of H, OR 33 , OCOR34, 
OCONR 35 R 3 6, NR37R38, or NR39CONR40R41 
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D is selected from the group consisting of NTU2R43 or heterocyclo; 
Ri, R2, R3, Rt, and R 5 are selected from H, lower alkyl; 
R8, R9, Rio and Rn are selected from the group consisting of H, alkyl, 
substituted alkyl, aryl, substituted aryl, cycloalkyl, heterocyclo or substituted 
5 heterocyclo; 

Ri7 s Ri8> R22, and R23 are selected from the group consisting of H, alkyl, and 
substituted alkyl; 

R24, R25, R26, R28, R30, R32, R33, R34, R3S, R36, R37, R39, RtO, RtU Rt2, R5I, R52, 

R53, and R6i are selected from the group of H, alkyl, substituted alkyl, aryl or 

10 substituted aryl; 

Ri2, Ri6, R27> R29> R3i> R38> and R43, are selected from the group consisting of 
H, alkyl, substituted alkyl, substituted aryl, cycloalkyl, heterocyclo, RsiC=0, 
R52OCO, R53SO2, hydroxy, and O-alkyl or O-substituted alkyl; 

and pharmaceutically acceptable salts, solvates, hydrates, clathrates or 

1 5 prodrugs thereof, when orally administered in combination with a pharmaceutically 
acceptable acid neuttahzing buffer, are sufficiently bioavailable to have a 
pharmacological effect Accordingly, the invention is directed to methods of 
increasing the bioavailability of orally administered epothilones of Formulae (la) or 
(lb), or a pharmaceutically acceptable salt, solvate, clathrate, hydrate, or prodrug 

20 thereof, by orally administering the one or more epothilones of Formula (la) or (lb), 
or a pharmaceutically acceptable salt, solvate, clathrate, hydrate, or prodrug thereof, 
and orally administering a pharmaceutically acceptable acid neufralizing buffer in 
combination therewith. The invention also relates to pharmaceutical compositions, 
pharmaceutical dosage forms, and kits for use in the methods of the invention. 

25 A preferred epothilone for use in the methods, compositions, and 

dosage forms of the invention is [1S-[1R*, 3R*(E), 7R*, 10S*, 1 1R*. 16S*]]-7, 1 1- 
dihydroxy 8, 8, 1 0, 1 2, 1 6-pentamethyl-3-[l -methyl-2-(2-methyl-4-thiazolyl)ethenyl- 
17-oxa-4-azabicyclo[14.1.0]heptadecane-5, 9-dione ("Compound (A)"), depicted 
below: 

30 
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DEFINITIONS 

5 Listed below are definitions of various terms used to describe this 

invention. These definitions apply to the terms as they are used throughout this 
specification, unless otherwise indicated in specific instances. 

As used herein, the term "alkyl" refers to straight or branched chain 
unsubstituted hydrocarbon groups of 1 to 20 carbon atoms, preferably 1 to 7 carbon 
10 atoms. 

As used herein, the term "substituted alkyl" refers to an alkyl group 
substituted by, for example, one to four substituents, such as, halo, trifluoromethyl, 
trifluoromethoxy, hydroxy, alkoxy, cycloalkyoxy, heterocylooxy, oxo, alkanoyl, 
aryloxy, alkanoyloxy, amino, alkylamino, arylamino, aralkylamino, cycloalkylarnino, 

1 5 heterocycloamino, disubstituted amines in which the 2 amino substituents are selected 
from alkyl, aryl or aralkyl, alkanoylarnino, aroylamino, aralkanoylamino, substituted 
alkanoylarnino, substituted arylamino, substituted aralkanoylamino, thiol, alkylthio, 
arylthio, aralkylthio, cycloalkylthio, heterocyclothio, alkylthiono, arylthiono, 
aralkylthiono, alkylsulfonyl, arylsulfonyl, aralkylsulfonyl, sulfonamido (e.g. 

20 S0 2 NH 2 ), substituted sulfonamido, nitxo, cyano, carboxy, carbamyl (e.g. CONH 2 ), 
substituted carbamyl (e.g. CONH alkyl, CONH aryl, CONH aralkyl or cases where 
there are two substituents on the nitrogen selected from alkyl, aryl or aralkyl), 
alkoxycarbonyl, aryl, substituted aryl, guanidino and heterocyclos, such as, indolyl, 
imidazolyl, furyl, thienyl, thiazolyl, pyrrolidyl, pyridyl, and pyrimidyl. Where noted 

25 above where the substituent is further substituted it will be with halogen, alkyl, 
alkoxy, aryl or aralkyl. 
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As used herein, the term "halogen" or "halo" refers to fluorine, 
chlorine, bromine and iodine. 

As used herein, the term "aryl" refers to monocyclic or bicyclic 
aromatic hydrocarbon groups having 6 to 12 carbon atoms in the ring portion, such as 
5 phenyl, naphthyl, biphenyl and diphenyl groups, each of which may be substituted. 

As used herein, the term "aralkyl" refers to an aryl group bonded 
directly through an alkyl group, such as benzyl. 

As used herein, the term "substituted aryl" refers to an aryl group 
substituted by, for example, one to four substituents such as alkyl; substituted alkyl, 
1 0 phenyl, substituted phenyl, heterocyclo, halo, trifluoromethoxy, trifluoromethyl, 
hydroxy, alkoxy, cycloalkyloxy, heterocyclooxy, alkanoyl, alkanoyloxy, amino, 
alkylamino, aralkylamino, cycloalkylamino, heterocycloamino, dialkylamino, 
alkanoylarnino, thiol, alkylthio, cycloalkylthio, heterocyclothio, ureido, nitro, cyano, 
carboxy, carboxy alkyl, carbamyl, alkoxycarbonyl, alkylthiono, arylthiono, 
15 alkysulfonyl, sulfonamido, and aryloxy. The substituent may be further substituted by 
halo, hydroxy, alkyl, alkoxy, aryl, substituted aryl, substituted alkyl or aralkyl. 

As used herein, the term "cycloalkyl" refers to optionally substituted, 
saturated cyclic hydrocarbon ring systems, preferably containing 1 to 3 rings and 3 to 
7 carbons per ring which may be further fused with an unsaturated C3-C7 carbocyclic 
20 ring. Exemplary groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 
cycloheptyl, cyclooctyl, cyclodecyl, cyclododecyl, and adamantyl. Exemplary 
substituents include one or more alkyl groups as described above, or one or more 
groups described above as alkyl substituents. 

As used herein, the terms "heterocycle", "heterocyclic" and 
25 "heterocyclo" refer to an optionally substituted, fully saturated or unsaturated, 

aromatic or nonaromatic cyclic group, for example, a 4 to 15 membered system or a 4 
to 7 membered monocyclic, 7 to 1 1 membered bicyclic, or 10 to 15 membered 
tricyclic ring system, which has at least one heteroatom in at least one carbon atom- 
containing ring. Each ring of the heterocyclic group containing a heteroatom may 
30 have 1, 2 or 3 heteroatoms selected from nitrogen atoms, oxygen atoms and sulfur 

atoms, where the nitrogen and sulfur heteroatoms may also optionally be oxidized and 
the nitrogen heteroatoms may also optionally be quaternized. The heterocyclic group 
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may be attached at any heteroatom or carbon atom. 

Exemplary monocyclic heterocyclic groups include, but are not limit ed 
to, pyrrolidinyl, pyrrolyl, indolyl, pyrazolyl, oxetanyl, pyrazolinyl, hnidazolyl, 
imidazolinyl, mudazohdinyl, oxazolyl, oxazolidinyl, isoxazolinyl, isoxazolyl, 
5 thiazolyl, tbiadiazolyl, thiazolidinyl, isothiazolyl, isothiazolidinyl, furyl, 

tetrahydrofuryl, thienyl, oxadiazolyl, piperidinyl, piperazinyl, 2-oxopiperazinyl, 2- 
oxopiperidinyl, 2-oxopyrrolidinyl, 2-oxazepinyl, azepinyl, 4-piperidonyl, pyridyl, N- 
oxo-pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, tetrahydropyranyl, 
tetrahydrothiopyranyl, tetrahydrothiopyranyl sulfone, morpholinyl, thiomorpholinyl, 

1 0 thiomorpholinyl sulfoxide, thiomorpholinyl sulfone, 1 ,3-dioxolane and tetrahydro- 1 , 
1-dioxothienyl, dioxanyl, isothiazolidinyl, thietanyl, thiiranyl, triazinyl, and triazolyl. 

Exemplary bicyclic heterocyclic groups include, but are not limited to, 
benzothiazolyl, benzoxazolyl, benzothienyl, quinuclidinyl, quinolinyl, quinolinyl-N- 
oxide, tetrahydroisoquinolinyl, isoquinolinyl, benzimidazolyl, benzopyranyl, 

1 5 indolizinyl, benzofuryl, chromonyl, coumarinyl, cinnolinyl, quinoxahnyl, indazolyl, 
pyrrolopyridyl, furopyridinyl (such as furo[2,3-c]pyridinyl, furo [3, l-b]pyridinyl or 
furo [2, 3-b]pyridinyl), dihydroisoindolyl, d^ydroquinazolinyl (such as 3,4-dihydro- 
4-oxo-quinazolinyl), benzisothiazolyl, benzisoxazolyl, benzodiazinyl, benzofurazanyl, 
benzothiopyranyl, benzotriazolyl, benzpyrazolyl, dihydrobenzo furyl, 

20 dihydrobenzothienyl, dihydrobenzothiopyranyl, dihydrobenzothiopyranyl sulfone, 
dihydrobenzopyranyl, indolinyl, isochromanyl, isoindolinyl, naphthyridinyl, 
phthalazinyl, piperonyl, purinyl, pyridopyridyl, quinazolinyl, tetrahydroquinolinyl, 
tmenofuryl, thienopyridyl, and thienothienyl. 

Exemplary substituents include, but are not limited to, one or more 

25 alkyl groups as described above or one or more groups described above as alkyl 

substituents. Also included are smaller heterocyclos, such as, epoxides and aziridines. 

As used herein, the term "heteroatoms" shall include oxygen, sulfur 

and nitrogen. 

As used herein, the prefix "lower" stands for a moiety having up to and 
30 including 7, preferably up to and including 4 carbon atoms. 

As used herein, the term "bioavailable" means the extent to which a 
drug is absorbed into a living system and made available in the circulating blood of 
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the living system. Methods to determine the bioavailabihty of drugs are well known 
to those of ordinary skill in the art. 

As used herein, the phrase "sufficiently bioavailable to have a 
pharmacological effect" means that the epothilones are greater than 20 percent 
5 bioavailable, preferably greater than 30 percent bioavailable, and more preferably 
greater than 50 percent bioavailable. 

As used herein, the term "pharmaceutically acceptable salt" refers to a 
salt prepared from an epothilone of Formula (la) or (lb) having a basic functional 
group, such as an amine, with a pharmaceutically acceptable non-toxic inorganic or 

1 0 organic acid. Suitable non-toxic acids include, but are not limited to, acetic, 

benrenesulfonic, benzoic, camphorsulfonic, citric, ethenesulfonic, fumaric, gluconic, 
glutamic, hydrobromic, hydrochloric, isethionic, lactic, maleic, malic, mandelic, 
methanesulfonic, mucic, nitric, pamoic, pantothenic, phosphoric, succinic, sulfuric, 
tartaric, and p-toluenesulfonic acids. Salts formed with acids can be obtained, for 

1 5 example, with an epothilone of Formula (la) or (lb) having a basic functional group 
and an equivalent amount of a non-toxic acid to provide an acid addition salt. The 
reaction is typically carried out in a medium in which the acid addition salt 
precipitates or an aqueous medium followed by evaporation. The term 
"pharmaceutically acceptable salt" also refers to a salt prepared from an epothilone of 

20 Formula (la) or (lb) having an acidic functional group, such as a carboxylic acid 
functional group, and a pharmaceutically acceptable non-toxic inorganic or organic 
base. Suitable non-toxic bases include hydroxides of alkali metals such as sodium, 
potassium, and lithium; hydroxides of alkaline earth metal such as calcium and 
magnesium; hydroxides of other metals, such as aluminum and zinc; ammonia, and 

25 organic amines, such as unsubstituted or hydroxy-substituted mono-, di-, or 

trialkylarnines; dicyclohexylarnine; tributyl amine; pyridine; N-memyl,N-emylaniine; 
diemylarnine; triemylamine; mono-, bis-, or tris-(2-hydroxy-lower alkyl amines), such 
as mono-, bis-, or tris-(2-hydroxyemyl)amine, 2-hydroxy-tert-butylarnine, or tris- 
(hydroxymemyl)memylamine, N, N,-di-lower alkyl-N-(hydroxy lower allcyl)-aniines, 

30 such as N^,-dmemyl-N-(2-hydroxyemyl)amine, or tri-(2-hy<koxyemyl)amine; N- 
memyl-D-glucamine; and amino acids such as arginine, lysine, and the like. Salts 
formed with bases can be obtained, for example, with an epothilone of Formula (la) or 
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(lb) having an acidic functional group and an equivalent amount of a non-toxic base. 
The reaction is typically carried out in a medium in which the salt precipitates or an 
aqueous medium followed by evaporation. 

The invention also includes zwitterions. 
5 As used herein, the term "pharmaceutically acceptable acid 

neutralizing buffer" refers to a combination of a pharmaceutically acceptable non- 
toxic acid and a pharmaceutically acceptable non-toxic salt of an acid that when 
added to a solution provides a solution that is more resistant to change of pH, 
compared to a solution without the buffer, when acid or alkali is added to the solution. 

1 0 The term "pharmaceutically acceptable acid neutralizing buffer" also includes 
compounds, such as basic compounds, that when added to an acidic solution 
neutralizes the acid and increases the pH of the solution 

As used herein, the term "clathrate" means an inclusion compound 
formed by the envelopment of a molecule of a "guest" compound in a cage-like 

1 5 hollow space formed by combination of several molecules of a "host" compound. 

As used herein, the term "pro-drug" means a derivative of a compound 
that can hydrolyze, oxidize, or otherwise react under biological conditions (in vitro or 
in vivo) to provide an epothilone compound of Formula (la) or (lb). For example, 
carboxylic esters are conveniently formed by esterifying carboxylic acid 

20 functionalities; if the epothilone of Formula (la) or (lb) includes an acid functional 
group it can be esterified to provide a pro-drug. Various pro-drugs are well known in 
the art (For examples of pro-drugs, see: Design of Prodrugs, edited by H. Bundgaard, 
Elsevier, 1985; Methods in Enzymology, vol. 42, p. 309-396, edited by K. Widder et 
al., Academic Press, 1985; A Textbook of Drug Design and Development, edited by 

25 Krosgaard-Larsen and H, Bundgaard, chapter 5, "Design and Application of 
Prodrugs," by H. Bundgaard, p. 1 13-191, 1991; H. Bundgaard, Advanced Drug 
Delivery Reviews," 8, 1-38, 1992; H. Bundgaard et al., Journal of Pharmaceutical 
Sciences, 77, 285, 1988; and N. Kakeya et al., Chem. Phar. Bull., 32, 692, 1984). 

As used herein, the phrase "acid neutralization capacity," means the 

30 quantity of 1 N HC1 (expressed in milliequivalents) that can be brought to pH 3.5, as 
defined in the U.S. Pharmacopeia, 301. 
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As used herein, the term "solution" means a liquid preparation that 
contains one or more soluble active ingredients dissolved in a solvent. 

As used herein, the term "suspension" means a finely divided, 
undissolved active ingredient suspended in a solvent. 
5 As used herein, the term "elixir" means a solution of an active 

ingredient in a solvent containing water and alcohol. 

As used herein, the term "syrup" means a concentrated solution of 
sugar, such as sucrose, in water or other aqueous liquid, optionally containing polyols, 
such as glycerin or sorbitol to retard crystallization of the sugar or increase solubility 
10 of the added ingredients. 

EPOTHILONES USEFUL IN THE METHODS, COMPOSITIONS, 
AND DOSAGE FORMS OF THE INVENTION 

15 Any epothilone can be used in the methods, compositions, and dosage 

forms of the invention. Preferably, the epothilones are acid labile and poorly soluble 
in water such that they are not readily bioavailable by the oral route. In a specific 
embodiment the epothilones of Formula (la) or (lb) are used in the methods, 
compositions, and dosage forms of the invention. Epothilones of Formula (la) or (lb) 

20 can be prepared by the methods disclosed in our co-pending application no. 

09/280,191, filed March 29, 1999 and our co-pending application no. 09/170,482 filed 
October 1 3 , 1 998, the contents of which are expressly incorporated herein. One of 
ordinary skill in the art would also recognize that the epothilones of Formula (la) or 
(lb) could also be prepared by suitable modification of the methodologies disclosed 

25 in, for example, K.C. Nicolau et al., "An Approach to Epothilones Based on Olefin 
Metathesis," Angew. Chem Int. Ed. Engl., 35(20): 2399-2401 (1996); K.C. Nicolau 
et al., "The Total Synthesis of Epothilone A: The Macrolactonization Approach," 
Angew. Chem Int. Ed. Engl., 36(5): 525-527 (1997); K.C. Nicolau et al., "Designed 
Epothilones: Combinatorial Synthesis, Tubulin Assembly Properties, and Cytoxic 

30 Action Against Taxol Resistant Tumor Cells," Angew. Chem Int Ed. Engl., 36(19): 
2097-2 1 03 (1 997); K.C. Nicolaou et al., "The Olefin Metathesis Approach to 
Epothilone A and its Analogues" , J. Am. Chem. Soc, 119(34): 7960-7973 (1997); 
K.C. Nicolaou et al., "Total Syntheses of Epothillones A and B via a 
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Macrolactonization-Based Strategy," J. Am. Chem. Soc, 119(34): 7974-7991 (1997); 
K.C. Nicolaou et al., "Synthesis ofEpothilones A and B in Solid and Solution Phase," 
Nature, 387: 268-272 (1997); and D. Meng et al., "Remote Effects in Macrolide 
Formation Through Ring-Forming Olefin Metathesis: An Application to the Synthesis 
5 of Fully Active Epothilone Congeners," J. Am. Chem. Soc, Vol. 1 19, No. 1 1, 2733- 
2734 (1997). 

Preferably, the epothilones are crystalline and anhydrous. Optionally, 
the epothilones are sterilized before being used in the compositions of the invention. 

10 UTILITY AND USES OF THE EPOTHILONES OR COMPOSITIONS THEREOF 
The epothilones of the invention are microtubule-stabilizing agents 
and, thus, can be used to treat a variety of cancer or other diseases of abnormal cell 
proliferation. The methods of the invention are particularly useful for administering 
one or more epothilones of Formula (la) or (lb), or a pharmaceutically acceptable salt, 

15 solvate, clathrate, hydrate, or prodrug thereof, to a patient suffering from cancer or 
other hyperproliferative cellular disease. As used herein, the term "cancer" includes, 
but is not limited to, solid tumors and blood born tumors. The term cancer refers to 
disease of skin, tissues, organs, bone, cartilage, blood and vessels. The term "cancer" 
further encompasses primary and metastatic cancers. Examples of cancers that can be 

20 treated with the methods of the invention include, but are not limited to, carcinoma, 
mcluding that of the bladder, breast, colon, kidney, lung, ovary, pancreas, stomach, 
cervix, thyroid, and skin, including squamous cell carcinoma; hematopoietic tumors 
of lymphoid lineage, mcluding, but not limited to, leukemia, acute lymphocytic 
leukemia, acute lymphoblastic leukemia, B-cell lymphoma, T-cell lymphoma, 

25 Hodgkins lymphoma, non-Hodgkins lymphoma, hairy cell lymphoma, and Burketts 
lymphoma; hematopoietic tumors of myeloid lineage including, but not limited to, 
acute and chronic myelogenous leukemias and promyelocytic leukemia; tumors of 
mesenchymal origin mcluding, but not limited to, fibrosarcoma, rhabdomyosarcoma, 
and osteosarcoma; other tumors including melanoma, seminoma, tetratocarcinoma, 

30 neuroblastoma, and glioma; tumors of the central and peripheral nervous system 

including, but not limited to, astrocytoma, neuroblastoma, glioma, and schwannomas; 
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and other tumors including, but not limited to, xenoderma, pigmentosum, 
keratoactanthoma, thyroid follicular cancer, and teratocarcinoma. 

The methods of the invention are useful for treating patients who have 
been previously treated for cancer, as well as those who have not previously been 
5 treated for cancer. Indeed, the methods and compositions of this invention can be 
used in first-line and second-line cancer treatments. 

The methods of the invention are also useful in combination with 
known anti-cancer treatments, including radiation. The methods of the invention are 
especially useful in combination with anti-cancer treatments that involve 
10 administering a second drug that acts in a different phase of the cell cycle, e.g. , S 

phase, than the epothilones of Formula (la) or (lb), which exert their effects at the G 2 - 
M phase. 

Epothilones of Formula (la) or (lb) may also inhibit tumor 
angiogenesis, thereby affecting abnormal cellular proliferation. Accordingly, the 

1 5 methods of the invention may also be useful in treating certain forms of blindness 
related to retinal vascularization, arthritis, especially inflammatory arthritis, multiple 
sclerosis, restinosis, and psoriasis. 

Epothilones of Formula (la) or (lb) may also induce or inhibit 
apoptosis, a physiological cell death process critical for normal development and 

20 homeostasis. Alterations of apoptotic pathways contribute to the pathogenesis of a 
variety of human diseases. Accordingly, the methods of the invention will be useful 
in the treatment of a variety of human diseases with aberrations in apoptosis including 
cancer (particularly, but not limited to, follicular lymphomas, carcinomas with p53 
mutations, hormone dependent tumors of the breast, prostrate and ovary, and 

25 precancerous lesions such as familial adenomatous polyposis), viral infections 

(including, but not limited to, herpesvirus, poxvirus, Epstein-Barr virus, Sindbis virus 
and adenovirus), autoimmune diseases (including, but not limited to, systemic lupus 
erythematosus, immu ne mediated glomerulonephritis, rheumatoid arthritis, psoriasis, 
inflammatory bowel diseases and autoimmune diabetes mellitus), neurodegenerative 

30 disorders (including, but not limited to, Alzheimer's disease, AUDS-related dementia, 
Parkinson's disease, amyotrophic lateral sclerosis, retinitis pigmentosa, spinal 
muscular atrophy and cerebellar degeneration), AIDS, myelodysplastic syndromes, 



-18- 



WO 02/058699 



PCT/US02/01693 



aplastic anemia, ischemic injury associated myocardial infarctions, stroke and 
reperfusion injury, arrhythmia, atherosclerosis, toxin-induced or alcohol induced liver 
diseases, hematological diseases (including but not limited to chronic anemia and 
aplastic anemia), degenerative diseases of the musculoskeletal system (includmg, but 
5 not limited to, osteoporosis and arthritis), aspirin-sensitive rhinosinusitis, cystic 
fibrosis, multiple sclerosis, kidney diseases, and cancer pain. 

Epothilones of Formula (la) or (lb) may also be formulated or co- 
adrninistered with other therapeutic agents that are selected for their particular 
usefulness in administering therapies associates with the aforementioned conditions. 

1 0 For example, each of the compounds of formulae I and II may be formulated with 
agents to prevent nausea, hypersensitivity, and gastric irritation, such as anti-emetics, 
and Hi and H2 antihistamines. The above therapeutic agents, when employed in 
combination with the Epothilones of Formula (la) or (lb), may be used in those 
amounts indicated in the Physicians' Desk Reference (PDR) or as otherwise 

1 5 determined by one of ordinary skill in the art. 

BUFFERS USEFUL IN THE METHODS, COMPOSITIONS, 
AND DOSAGE FORMS OF THE INVENTION 

20 The purpose of the buffer in the methods of the invention is to 

temporarily neutralize gastric fluid and thereby reduce degradation of the epothilone 
in the stomach of the patient. In addition, in aqueous and partially aqueous liquid oral 
formulations comprising one or more epothilones of Formula (la) or (lb), or a 
pharmaceutically acceptable salt, solvate, clathrate, hydrate, or prodrug thereof, the 

25 buffer reduces decomposition of the epothilone of Formula (la) or (lb). Applicants 
have surprisingly discovered that liquid oral dosage forms comprising one or more 
epothilones of Formula (la) or (lb), or a pharmaceutically acceptable salt, solvate, 
clathrate, hydrate, or prodrug thereof, and a buffer are more stable than a liquid oral 
dosage form without a buffer. 

30 Buffers useful in the methods, compositions, and dosage forms of the 

invention may be readily prepared by combining one or more acids and the salt of one 
or more acids in a ratio such that the combination, when dissolved in an aqueous 
solution, provides a solution having a pH of between about 5 and 9. Typically, the 
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one or more acids will have a pKa of between about 4 and 10. One of ordinary skill 
in the art would readily recognize how to prepare buffers that provide a solution 
having the desired pH value. In addition, the invention contemplates for use as a 
buffer compounds, such as basic compounds, that when added to an acidic solution 
increase the pH of the solution. 

Those skilled in the art would readily recognize a variety of buffers 
that could be used in the methods, compositions, and dosage forms of the invention. 
Typical buffers include, but are not limited to pharmaceutically acceptable weak 
acids, weak bases, or rnixtures thereof. Preferably, the buffer components are water 
soluble materials such as phosphoric acid, tartaric acids, lactic acid, succinic acid, 
citric acid, acetic acid, ascorbic acid, aspartic acid, glutamic acid, and salts thereof. 
Preferably, the pharmaceutically acceptable acid neutralizing buffer is a dibasic 
phosphate-monobasic phosphate buffer or a dibasic phosphate buffer-citric acid- 
citrate buffer. These buffers are commercially available or can be readily prepared by 
one of ordinary skill in the art using commercially available buffering agents such as 
those mentioned above. 

METHODS OF ORALLY ADMINISTERING ACID 
LABILE EPOTHILONES OF FORMULA (la) or Ob) 

The invention encompasses methods of increasing the bioavailability 
of orally administered epothilones by orally admmistering an epothilone of Formula 
(la) or (lb), or a pharmaceutically acceptable salt, solvate, clathrate, hydrate, or 
prodrug thereof, and orally administering a pharmaceutically acceptable acid 
neutralizing buffer. The invention is particularly well suited for epothilones that are 
acid labile but may also be used with epothilones that are sensitive to hydrolysis under 
alkaline conditions and for epothilones that are not sensitive to hydrolyis. Further, the 
invention may be used with epothilones that are poorly soluble in aqueous media. 

It should be recognized that the epothilones of the invention can be 
administered parenterally which would avoid the gastrointestinal system and 
overcome any bioavailability concerns. However, such administration is inconvenient 
and uncomfortable for the patient and provides other potential adverse effects. The 
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compositions of this invention and the methods enable the oral route of administration 
.to be used which is a significant advantage, particularly for human patients. 

Administering one or more epothilones of Formula (la) or (lb), or a 
pharmaceutically acceptable salt, solvate, clathrate, hydrate, or prodrug thereof, in 
5 combination with a pharmaceutically acceptable acid neutralizing buffer provides 
increased bioavailability of the one or more epothilones of Formula (la) or (lb). 
Without being limited by theory, it is believed that the increased bioavailability is 
due, at least in significant part, to the buffer decreasing the rate of decomposition of 
the epothilones of Formula (la) or (lb), or a pharmaceutically acceptable salt, solvate, 

1 0 clathrate, hydrate, or prodrug thereof, in the acidic environment of the stomach. 

Certain epothilones including the preferred epothilone, Compound (A), are unstable in 
acidic aqueous environments and decompose, presumably by an acid catalyzed 
hydrolytic opening of the epoxide ring. For example, the time for 5% drug loss (t9 5 ) 
at 37°C for an aqueous solution of Compound (A) is approximately 38 minutes at pH 

15 7.4 but only about 0.2 minutes at pH 2.5. Thus, when epothilones of Formula (la) or 
(lb), or a pharmaceutically acceptable salt, solvate, clathrate, hydrate, or prodrug 
thereof, are orally administered they decompose in the stomach of the patient such 
that they are either minimally absorbed or not absorbed by the gastrointestinal tract. 
When one or more epothilones of Formula (la) or (lb), or a 

20 pharmaceutically acceptable salt, solvate, clathrate, hydrate, or prodrug thereof, are 
administered to a patient in combination with a pharmaceutically acceptable acid 
neutralizing buffer, however, the buffer neutralizes acid in the stomach of the patient 
so that the rate of decomposition of the one or more epothilones of Formula (la) or 
(lb), or a pharmaceutically acceptable salt, solvate, clathrate, hydrate, or prodrug 

25 thereof is sufficiently decreased so that the one or more epothilones of Formula (la) or 
(lb), or a pharmaceutically acceptable salt, solvate, clathrate, hydrate, or prodrug 
thereof remain in the gastrointestinal tract for sufficient time to be absorbed. 

In another embodiment of the invention an anti-acid such as 
hydroxides of aluminum and magnesium; carbonates, such as sodium carbonate and 

30 calcium carbonate; silicates; and phosphates can be used to neutralize the acid in the 
stomach before during or after epothilone administration. 
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When orally administered according to the methods of the invention, 
the epothilones of Formula (la) or (lb), or a pharmaceutically acceptable salt, solvate, 
clathrate, hydrate, or prodrug thereof are at least about 20% bioavailable, preferably at 
least about 40% bioavailable, and more preferably at least about 50% bioavailable. 
5 In one embodiment of the invention, the one or more epothilones of 

Formula (la) or (lb), or apharmaceutically acceptable salt, solvate, clathrate, hydrate, 
or prodrug thereof and the pharmaceutically acceptable acid neutralizing buffer are 
provided in a single oral dosage form and are administered simultaneously. The 
single composition comprising the combination of one or more epothilones of 

10 Formula (la) or (lb), or a pharmaceutically acceptable salt, solvate, clathrate, hydrate, 
or prodrug thereof, and the pharmaceutically acceptable acid neutralizing buffer may 
be administered as a solid oral dosage form (e.g., a tablet, capsule, or powder) or a 
liquid oral dosage form (e.g., a solution, suspension, or elixir). The solution or 
suspension can be constituted just prior to aclministration using the appropriate 

15 solvents or cosolvents to dissolve the epothilone and the buffer components. 

For example, the one or more epothilones of Formula (la) or (lb), or a 
pharmaceutically acceptable salt, solvate, clathrate, hydrate, or prodrug thereof, and 
the pharmaceutically acceptable acid neutralizing buffer may be administered 
simultaneously as a solution of the epothilone of Formula (la) or (lb) dissolved in a 

20 liquid comprising propylene glycol:ethanol:phosphate buffer (for example at 1M, 
about pH 8) in a ratio of about 58:12:30, respectively. 

In another embodiment of the invention, the epothilone of Formula (la) 
or (lb) and the pharmaceutically acceptable acid neutralizing buffer are provided as 
separate distinct pharmaceutical compositions and are administered separately. Each 

25 of which are administered as a solid oral dosage form or a liquid oral dosage form. 

When the one or more epothilones of Formula (la) or (lb), or a 
pharmaceutically acceptable salt, solvate, clathrate, hydrate, or prodrug thereof and 
the pharmaceutically acceptable acid neutralizing buffer are administered separately, 
the pharmaceutically acceptable acid neutralizing buffer may be orally ad!ministered 

30 before, after, or both before and after the desired epothilone of Formula (la) or (lb) is 
administered. Preferably, the pharmaceutically acceptable acid neutralizing buffer is 
adrninistered both before and after oral administration of the desired epothilone of 
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Formula (la) or (lb), in an amount sufficient to neutralize the stomach acid. When the 
pharmaceutically acceptable acid neutralizing buffer is adrninistered before the one or 
more epothilones of Formula (la) or (lb), or a pharmaceutically acceptable salt, 
solvate, clathrate, hydrate, or prodrug thereof, it is administered within about 5 hours, 
5 preferably within about 3 hours, more preferably within about 1 hour, and most 
preferably within about 10 minutes before the desired epothilone of Formula (la) or 
(lb) is administered. When the pharmaceutically acceptable acid neutralizing buffer is 
adrninistered after the desired epothilone of Formula (la) or (lb), or a 
pharmaceutically acceptable salt, solvate, clathrate, hydrate, or prodrug thereof, it is 

10 adrninistered within about 5 hours, preferably within about 3 hours, more preferably 
within about 1 hour, and most preferably within about 10 minutes before the desired 
epothilone of Formula (la) or (lb) is administered. 

In another embodiment the epothilones of Formula (la) or (lb), or a 
pharmaceutically acceptable salt, solvate, clathrate, hydrate, or prodrug thereof, are 

1 5 adrninistered as an enteric coated pill or capsule to delay release of the epothilone 
until after the pharmaceutically effective acid neutralizing buffer is adrninistered. 
Enteric coated tablets and capsules are capsules coated with a substances that resist 
solution in a gastric fluid but disintegrate in the intestine. 

In one embodiment the buffer is administered as a dispersible tablet 

20 The magnitude of the therapeutic dose of the desired epothilone of 

Formula (la) or (lb), or a pharmaceutically acceptable salt, solvate, clathrate, hydrate, 
or prodrug thereof, will typically vary with the specific disease and severity of the 
disease being treated. The dose, and perhaps the dose frequency, may also vary 
according to age, body weight, response, and the past medical history of the patient. 

25 Suitable dosing regimens can be readily selected by those skilled in the art with due 
consideration of such factors. Typically, the epothilone of Formula (la) or (lb), or a 
pharmaceutically acceptable salt, solvate, clathrate, hydrate, or prodrug thereof, is 
orally administered in a total amount of about 0.05 to about 200 mg/kg/day, 
preferably from about 5 to about 100 mg/kg/day, and more preferably less than about 

30 100 mg/kg/day in a single dose or in about 2 to 4 divided doses. 

The invention encompasses pharmaceutical unit dosage forms of the 
desired epothilone comprising 5 mg/unit, 10 mg/unit, 15 mg/unit, 20 mg/unit, 25 
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mg/unit, 50 mg/unit, and 100 mg/unit. Similarly, liquid unit doses encompassed by 
the invention include, but are not limited to, 2.5 mg/mL and 10 mg/mL. 

The term "total amount," as used herein, means the combined amount 
of the epothilones of Formula (la) or (lb), or a pharmaceutically acceptable salt, 
5 solvate, clathrate, hydrate, or prodrug thereof, if more than one epotbilone of 

Formula (la) or (lb), or a pharmaceutically acceptable salt, solvate, clathrate, hydrate, 
or prodrug thereof is in a unit dosage form or administered to the patient. 

Further, the pharmaceutically acceptable acid neutralizing buffer is 
administered in an amount sufficient to deliver at least about 20 milliequivalents of 

1 0 acid neutralization capacity, preferably at least about 30 milUequivalents of acid 
neutralization capacity, more preferably at least about 40 milUequivalents of acid 
neutralization capacity, and most preferably at least about 50 milliequivalents of acid 
neutralization capacity. 

The invention also encompasses pharmaceutical unit dosage forms of 

15 the desired buffer comprising about 5 to 1 00 mg/unit, preferably about 22.5 mg/unit, 
and more preferably about 22.5 mg/unit Similarly, liquid unit doses of the buffer 
encompassed by the invention include about 5 to 100 mg/unit, preferably about 22.5 
mg/unit, and more preferably about 22.5 mg/unit dissolved in about 50 to 300 mL of a 
solvent, preferably about 100 to 200 mL of a solvent, and more preferably about 150 

20 mL of a solvent. 

Typically, the pharmaceutically acceptable acid neutralizing buffer is 
administered as an aqueous solution having a pH of between about 5 to 9, preferably 
about 6 to 8.5, and more preferably about 7 to 8. Any pharmaceutically acceptable 
acid neutralizing buffer that provides a solution having a pH in the desired range may 

25 be used in the methods of the invention. Preferably, the pharmaceutically acceptable 
acid neutralizing buffer is a dibasic phosphate-monobasic phosphate buffer or a 
dibasic phosphate buffer-citric acid-citrate buffer. 

In one embodiment of the invention, the patient is first administered 
the pharmaceutically acceptable acid neutralizing buffer as about 150 mL of an 

30 aqueous solution comprising anhydrous dibasic sodium phosphate (about 0.2 M), 

sodium citrate dihydrate (about 0.07 M), and anhydrous citric acid (about 0.008 M) at 
a pH of about 7.4; followed by oral acmiinistration of one or more epothilones of 
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Formula (la) or (lb), or apharmaceutically acceptable salt, solvate, clathrate, hydrate, 
or prodrug thereof as a liquid dosage form in a propylene glycolrethanol system 
having a ratio of about 80:20; followed by oral administration of another about 150 
mL aqueous solution comprising anhydrous dibasic sodium phosphate (about 0.2 M), 
5 sodium citrate dihydrate (about 0.07 M), and anhydrous citric acid (about 0.008 M) at 
a pH of about 7.4. 

COMPOSITIONS, UNIT DOSAGE FORMS, AND KITS 
The present invention is also directed to kits comprising a first 

1 0 component comprising one or more epothilones of Formula (la) or (lb), or a 

pharmaceutically acceptable salt, solvate, clathrate, hydrate, or prodrug thereof and a 
second component comprising a pharmaceutically acceptable acid neutralizing buffer. 
The first component and the second component are provided as separate distinct 
pharmaceutical compositions which are intended to be administered separately. The 

1 5 first and second components are provided as a pharmaceutical dosage form suitable 
for oral administration or as solid pharmaceutical composition that can be constituted 
or reconstituted with a liquid to provide a liquid oral dosage form. Preferably, the 
epothilones of Formula (la) or (lb) are packaged in light-protected vials. 

Pharmaceutical compositions and dosage forms suitable for oral 

20 administration can be presented as discrete dosage forms, such as, but not limited to, 
tablets (e.g., chewable tablets), caplets, capsules, powder in a sachet, enteric coated 
tablets, enteric coated beads, enteric coated soft gel capsules, and liquids (e.g., 
flavored syrups). Such dosage forms contain predetennined amounts of the active 
ingredient and may be prepared by methods of pharmacy well known to those skilled 

25 in the art (See Remington's Pharmaceutical Sciences, 1 8th ed., Mack Publishing, 
EastonPA(1990)). 

Typical oral dosage forms are prepared by combining the active 
ingredients in an intimate admixture with at least one excipient according to 
conventional pharmaceutical compounding techniques. Excipients can take a wide 

30 variety of forms depending on the form of preparation desired for administration. For 
example, excipients suitable for use in solid oral dosage forms (e.g., powders, tablets, 
capsules, and caplets) include, but are not limited to, starches, sugars, micro- 
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crystalline cellulose, diluents, granulating agents, lubricants, binders, and 
disintegrating agents. Examples of excipients suitable for use in oral liquid dosage 
forms include, but are not limited to, water, glycols, oils, alcohols, flavoring agents, 
preservatives, and coloring agents. 
5 Tablets and capsules represent convenient pharmaceutical 

compositions and oral dosage forms, in which case solid excipients are employed. If 
desired, tablets can be coated by standard aqueous or non-aqueous techniques. Such 
dosage forms can be prepared by any of the methods of pharmacy. In general, 
pharmaceutical compositions and dosage forms are prepared by uniformly and 
1 0 intimately admixing the active ingredients with liquid carriers, finely divided solid 
carriers, or both, and then shaping the product into the desired presentation if 
necessary. 

For example, a tablet can be prepared by compression or molding. 
Compressed tablets can be prepared by compressing in a suitable machine the active 

1 5 ingredients in a free-flowing form such as powder or granules, optionally mixed with 
an excipient Molded tablets can be made by molding in a suitable machine a mixture 
of the powdered compound moistened with an inert liquid diluent. 

Examples of excipients that can be used in oral dosage forms of the 
invention include, but are not limited to, binders, fillers, disintegrants, and lubricants. 

20 Binders suitable for use in pharmaceutical compositions and dosage forms include, 
but are not limited to, corn starch, potato starch, or other starches, gelatin, natural and 
synthetic gums such as acacia, sodium alginate, alginic acid, other alginates, 
powdered tragacanth, guar gum, cellulose and its derivatives (e.g., ethyl cellulose, 
cellulose acetate, carboxymethyl cellulose calcium, sodium carboxymethyl cellulose), 

25 polyvinyl pyrrolidone, methyl cellulose, pre-gelatinized starch, hydroxypropyl methyl 
cellulose, (e.g., Nos. 2208, 2906, 2910), microcrystalline cellulose, and mixtures 
thereof. 

Suitable forms of microcrystalline cellulose include, but are not limited 
to, the materials sold as AVICEL-PH-101, AVICEL-PH-103 AVICEL RC-581, 
30 AVICEL-PH-105 (available from FMC Corporation, American Viscose Division, 
Avicel Sales, Marcus Hook, PA), and mixtures thereof. A specific binder is a 
mixture of microcrystalline cellulose and sodium carboxymethyl cellulose sold as 
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AVICEL RC-581. Suitable anhydrous or low moisture excipients or additives include 
AVICEL-PH-103™ and Starch 1500 LM. 

Examples of fillers suitable for use in the pharmaceutical compositions 
and dosage forms disclosed herein include, but are not limited to, talc, calcium 
5 carbonate (e.g. , granules or powder), microcrystalline cellulose, powdered cellulose, 
dextrates, kaolin, mannitol, silicic acid, sorbitol, starch, pre-gelatinized starch, and 
mixtures thereof. The binder or filler in pharmaceutical compositions and dosage 
forms of the invention is typically present in from about 50 to about 99 weight percent 
of the pharmaceutical composition or dosage form. 

1 0 Disintegrants are used in the pharmaceutical compositions and dosage 

forms of the invention to provide tablets that disintegrate when exposed to an aqueous 
environment. Tablets that contain too much disintegrant may disintegrate in storage, 
while those that contain too little may not disintegrate at a desired rate or under the 
desired conditions. Thus, a sufficient amount of disintegrant that is neither too much 

1 5 nor too little to detrimentally alter the release of the active ingredients should be used 
to form the pharmaceutical compositions and solid oral dosage forms of the invention. 
The amount of disintegrant used varies based upon the type of formulation, and is 
readily discernible to those of ordinary skill in the art. Typical pharmaceutical 
compositions and dosage forms comprise from about 0.5 to about 15 weight percent 

20 of disintegrant, preferably from about 1 to about 5 weight percent of disintegrant. 

Disintegrants that can be used in pharmaceutical compositions and 
dosage forms of the invention include, but are not limited to, agar-agar, alginic acid, 
calcium carbonate, microcrystalline cellulose, croscarmellose sodium, crospovidone, 
polacrilin potassium, sodium starch glycolate, potato or tapioca starch, other starches, 

25 pre-gelatinized starch, other starches, clays, olher algins, other celluloses, gums, and 
mixtures thereof. 

Lubricants that can be used in pharmaceutical compositions and 
dosage forms of the invention include, but are not limited to, calcium stearate, 
magnesium stearate, mineral oil, light mineral oil, glycerin, sorbitol, mannitol, 

30 polyethylene glycol, other glycols, stearic acid, sodium lauryl sulfate, talc, 

hydrogenated vegetable oil (e.g., peanut oil, cottonseed oil, sunflower oil, sesame oil, 
olive oil, corn oil, and soybean oil), zinc stearate, ethyl oleate, ethyl laureate, agar, 
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and mixtures thereof. Additional lubricants include, for example, a syloid silica gel 
(AEROSIL 200, manufactured by W.R. Grace Co. of Baltimore, MD), a coagulated 
aerosol of synthetic silica (marketed by Degussa Co. of Piano, TX), CAB-O-SIL (a 
pyrogenic sihcon dioxide product sold by Cabot Co. of Boston, MA), and mixtures 
5 thereof. If used at all, lubricants are typically used in an amount of less than about 1 
weight percent of the pharmaceutical compositions or dosage forms into which they 
are incorporated. 

The pharmaceutical compositions and dosage forms may further 
comprise one or more compounds that reduce the rate by which an active ingredient 
10 will decompose. Such compounds, which are referred to herein as "stabilizers," 
include, but are not limited to, antioxidants such as ascorbic acid and salt buffers. 

Solutions for oral administration represent another convenient oral 
dosage form, in which case a solvent is employed. Liquid oral dosage forms are 
prepared by combining the active ingredient in a suitable solvent to form a solution, 
1 5 suspension, syrup, or elixir of the active ingredient in the liquid. 

The solutions, suspensions, syrups, and elixirs may optionally 
comprise other additives including, but not limited to, glycerin, sorbitol, propylene 
glycol, sugars, flavoring agents, and stabilizers. 

The kits of the invention may include the first and/or second 
20 components as an already prepared liquid oral dosage form ready for aininistration 
or, alternatively, may include the first and/or second components as a solid 
pharmaceutical composition that can be reconstituted with a solvent to provide a 
liquid oral dosage form. When the kit includes the first and/or second components as 
a solid pharmaceutical composition that can be reconstituted with a solvent to provide 
25 a liquid oral dosage form, the kit may optionally include the reconstituting solvent. 

The constituting or reconstituting solvent is combined with the active 
ingredient to provide a liquid oral dosage form of the active ingredient. Preferably, 
the active ingredient is soluble in the solvent and forms a solution. The solvent may 
be water, a non-aqueous liquid, or a combination of a non-aqueous component and an 
30 aqueous component. Suitable non-aqueous components include, but are not limited to 
oils; alcohols, such as ethanol; glycerin; and glycols, such as polyethylene glycol and 
propylene glycol. 
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The phannaceutically acceptable acid neutralizing buffers of the 
invention are preferably water soluble. Accordingly, the preferred solvent for the 
phairnaceutically acceptable acid neutralizing buffers is water or water based systems 
including saline solutions or dextrose solutions. 
5 Epothilones of Formula (la) or (lb), or a phannaceutically acceptable 

salt, solvate, clathrate, hydrate, or prodrug thereof are relatively insoluble in water. 
Accordingly, for epothilones of Formula (la) or (lb), or a phannaceutically acceptable 
salt, solvate, clathrate, hydrate, or prodrug thereof, non-aqueous liquids or liquids that 
are a combination of a miscible aqueous component and a non-aqueous component 

10 are prefened with non-aqueous liquids being most preferred. 

A preferred non-aqueous liquid for epothilones of Formula (la) or (lb), 
or a phannaceutically acceptable salt, solvate, clathrate, hydrate, or prodrug thereof is 
surfactant such as propylene glycol and ethanol, preferably in a ratio of about 80:20. 
Suitable non-aqueous liquids or surfactants include, but are not limited to, 

1 5 polyethylene glycol, polysorbates, propylene glycol, glyceryl esters, Cremophor, fatty 
acid esters and alcohols, polyoxyethylene, and fatty alcohol esters and ethers. 

When the solvent for the epothilones of Formula (la) or (lb), or a 
phannaceutically acceptable salt, solvate, clathrate, hydrate, or prodrug thereof, 
includes an aqueous component, it is preferred that the aqueous component is 

20 buffered to reduce decomposition of the epothilone of Formula (la) or (lb). Liquid 
oral dosage forms comprising one or more epothilones of Formula (la) or (lb), or a 
phannaceutically acceptable salt, solvate, clathrate, hydrate, or prodrug thereof, in an 
aqueous or partially aqueous solvent provides liquid oral dosage forms that are more 
stable than a liquid oral dosage form without a buffer. Specifically, it has been 

25 discovered that the rate of decomposition of one or more epothilones of Formula (la) 
or (lb), or a phannaceutically acceptable salt, solvate, clathrate, hydrate, or prodrug 
thereof, in a buffered liquid oral formulation is less than the rate of decomposition in 
an unbuffered liquid oral formulation. Without wishing to be bound by theory, it is 
believed that epothilones of Formula (la) or (lb) are unstable in acidic and basic 

30 medium, presumably as a result of an acid or base catalyzed hydrolytic opening of the 
epoxide ring. By buffering the liquid oral formulation, however, it is possible to 
maintain the pH of the liquid oral formulation at a value such the rate of 
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decomposition of the epothilone of Formula (la) or (lb) is slow enough that the 
epothilone of Formula (la) or (lb) does not decompose before it can be administered 
to a patient. The aqueous or partially aqueous liquid oral dosage forms are preferably 
buffered to a pH of between about 5 to 9, preferably about 6 to 8.5, and more 
5 preferably about 7 to 8. 

When the active ingredient is provided as a solid pharmaceutical 
composition that is constituted or reconstituted with a solvent to provide a liquid oral 
dosage form it is typically provided in powdered form and constituted with the liquid 
shortly before administration to the patient. The powdered pharmaceutical 

10 composition may be packaged, for example, in a vial to which is added the solvent. 
Alternatively, the contents of the vial may be added to the solvent in a separate 
container. The powdered active ingredient of the invention may also be packaged in a 
sachet, such as a foil package, that can be opened and the contents added to the 
solvent. The powdered active ingredient of the invention may also be formulated as a 

15 tablet that dissolves when it is added to the solvent. Often the tablet includes a 
disintegrant to facilitate dissolution of the tablet. 

The present invention is also directed to pharmaceutical compositions 
comprising one or more epotbilones of Formula (la) or (lb), or a phannaceutically 
acceptable salt, solvate, clathrate, hydrate, or prodrug thereof, in solid form and a 

20 solid phannaceutically acceptable acid neutralizing buffer in an amount sufficient to 
reduce decomposition of the one or more epothilones of Formula (la) or (lb), or a 
phannaceutically acceptable salt, solvate, clathrate, hydrate, or prodrug thereof, when 
the pharmaceutical composition is reconstituted with a liquid to provide a liquid oral 
dosage form. 

25 In addition to providing a more stable liquid oral dosage form, the 

pharmaceutical compositions of the invention also provide a liquid oral dosage form 
wherein the epothilone is more bioavailable when orally administered to a patient. 
Accordingly, the invention is also directed to a liquid oral dosage form comprising 
one or more epothilones of Formula (la) or (lb), or a phannaceutically acceptable salt, 

30 solvate, clathrate, hydrate, or prodrug thereof, and a solid phannaceutically acceptable 
acid neutralizing buffer dissolved in or dispersed in a solvent. Preferably, the one or 
more epothilones of Formula (la) or (lb), or a phannaceutically acceptable salt, 
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solvate, clathrate, hydrate, or prodrug thereof; and the solid pharmaceutically 
acceptable acid neutralizing buffer are dissolved in the liquid to provide a solution. 

Preferably, the buffer is present in the pharmaceutical composition 
such that it provides a liquid oral formulation having a pH of between about 5 to 9, 
5 preferably about 6 to 8.5, and more preferably about 7 to 8. Typically, the 

pharmaceutically acceptable acid neutralizing buffer is present in an amount sufficient 
to deliver at least about 20 milliequivalents of acid neutralization capacity, preferably 
at least about 30 miUiequivalents of acid neutralization capacity, more preferably at 
least about 40 milUequivalents of acid neutralization capacity, and most preferably at 

1 0 least about 50 milUequivalents of acid neutralization capacity when reconstituted with 
a liquid to provide the liquid oral dosage form. Any pharmaceutically acceptable acid 
neutralizing buffer that can provide a pH within this range may be used in the 
composition of the invention. Preferably, the pharmaceutically acceptable acid 
neutralizing buffer is a dibasic phosphate-monobasic phosphate buffer or a dibasic 

1 5 phosphate buffer-citric acid-citrate buffer. 

Typically, the pharmaceutical compositions of the invention comprise 
the one or more epothilones of Formula (la) or (lb), or a pharmaceutically acceptable 
salt, solvate, clathrate, hydrate, or prodrug thereof, in a total amount of about 0.05 to 
about 200 mg, preferably from about 5 to about 100 mg, and more preferably about 

20 10 to 50 mg. 

The invention further relates to a kit comprising a pharmaceutical 
composition comprising (i) a combination of one or more epothilones of Formula (la) 
or (lb), or a pharmaceutically acceptable salt, solvate, clathrate, hydrate, or prodrug 
thereof, in solid form and a solid pharmaceutically acceptable acid neutralizing buffer 

25 and (ii) a solvent for reconstituting the pharmaceutical composition to provide a liquid 
oral dosage form, wherein the pharmaceutically acceptable acid neutralizing buffer is 
present in an amount sufficient to reduce decomposition of the one or more 
epothilones of Formula (la) or (lb), or a pharmaceutically acceptable salt, solvate, 
clathrate, hydrate, or prodrug thereof, when the combination is reconstituted with the 

30 solvent to provide the liquid oral dosage form. 

The reconstituting solvent is combined with the active ingredient to 
provide a liquid oral dosage form of the active ingredient The liquid oral dosage 
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form may be a solution or a suspension. Preferably, the active ingredient is soluble in 
the solvent and forms a solution. The solvent may be water, a non-aqueous liquid, or 
a liquid that is a combination of a non-aqueous component and an aqueous 
component Suitable non-aqueous components include, but are not limited to oils; 
5 alcohols, such as ethanol; glycerin; and glycols, such as polyethylene glycol and 
propylene glycol. A suitable solvent for use in the kit of the invention is propylene 
glycol:ethanol:phosphate buffer (1M, pH 8) in a ratio of about 58:12:30. 

The solvent may further comprise one or more additional additives 
such as, but not limited to, glycerin, sorbitol, propylene glycol, flavoring agents, and 

10 preservatives to improve the palatability of the liquid oral dosage form. 

This invention further encompasses anhydrous pharmaceutical 
compositions and dosage forms comprising the active ingredients, i.e., the one or 
more epothilones of Formula (la) or (lb), or a pharmaceutically acceptable salt, 
solvate, clathrate, hydrate, or prodrug thereof and/or the pharmaceutically acceptable 

1 5 acid neutralizing buffer. Anhydrous pharmaceutical compositions and dosage forms 
are advantageous since water can facilitate the degradation of some compounds. For 
example, the addition of water (e.g., 5%) is widely accepted in the pharmaceutical arts 
as a means of simulating long-term storage in order to determine characteristics such 
as shelf-life or the stability of formulations over time (See, e.g., Jens T. Carstensen, 

20 Drug Stability: Principles & Practice, 2d. Ed., Marcel Dekker, NY, NY, 1 995, pp. 
379-80). In effect, water and heat accelerate the decomposition of some compounds. 
Thus, the effect of water on a formulation can be of great significance since moisture 
and/or humidity are commonly encountered during manufacture, handling, packaging, 
storage, shipment, and use of formulations. Anhydrous pharmaceutical compositions 

25 and dosage forms are especially advantageous for pharmaceutical compositions and 
dosage forms comprising one or more epothilones of Formula (la) or (lb), or a 
pharmaceutically acceptable salt, solvate, clathrate, hydrate, or prodrug thereof, since 
these compounds are sensitive to moisture. 

Anhydrous pharmaceutical compositions and dosage forms should be 

30 prepared and stored such that its anhydrous nature is maintained. Anhydrous 

pharmaceutical compositions and dosage forms of the invention can be prepared using 
anhydrous or low moisture containing ingredients and low moisture or low humidity 
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conditions. Anhydrous pharmaceutical compositions and dosage forms are preferably 
packaged using materials known to prevent exposure to water such that they can be 
included in suitable formulary kits. Examples of suitable packaging include, but are 
not limited to, hermetically sealed foils, plastics, unit dose containers (e.g., vials), 
5 blister packs, and strip packs. 

EXAMPLES 

Certain embodiments of the invention, as well as certain advantages of 
the invention, are illustrated by the following non-limiting examples. 

10 

Example 1 : Pharmacokinetic and Pharmacodynamic Studies of Compound 
(A) in Mice, Rats, and Dogs 

1.1 Sample Analysis: Plasma samples from pharmacokinetic/ 
1 5 pharmacodynamic studies were analyzed for the concentration of Compound (A) 

using an LC/MS/MS (liquid chromatography/mass spectrometry/mass spectrometry) 
assay with a standard curve range of 5 to 20,000 ng/mL (10 to 40,000 nM) for studies 
in mice and 2 to 1000 ng/mL (4 to 2000 nM) for studies in rats and dogs. In 
pharmacodynamic studies, concentrations of Compound (A) were determined using 
20 the LC/MS/MS assay with a standard curve range of 5 to 20,000 ng/mL (1 0 to 40,000 
nM) in mouse plasma. The LC/MS/MS assay was also used to determine the 
concentrations of Compound (B), a degradation product of Compound (A) formed in 
the stock/dosing solution or in vivo, in rat and dog plasma. The structure of 
Compound (B) is: 




Compound (B) 

25 
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Samples were analyzed by adding an internal standard to 0.2 mL of 
sample, precipitating with acetone, and then extracting the supernatant with 1- 
chlorobutane. The organic layer was removed and evaporated to dryness. The 
residue was reconstituted and injected into the LC/MS/MS system. For human 
5 plasma, chromatographic separation was achieved, isocratically, on a YMC ODS-AQ 
column (4.6 x 50 mm, 3 mm) with a mobile phase of acetonitrile:0.01M ammonium \ 
acetate, pH 5.0 (65:35). For dog plasma, chromatographic separation was achieved, 
isocratically, on a Zorbax Stable Bond CI 8 column (2.1 x 150 mm, 5 mm) maintained 
at 40EC with a mobile phase of 0. 1M ammonium acetate pH 5 and acetonitrile. For 

10 rat plasma, chromatographic separation was achieved, isocratically, on a Stable Bond 
C18 column (2.1 x 150 mm, 5 mm) maintained at 40EC with a mobile phase of 
acetonitrile:0. 1M ammonium acetate, pH 5.0 (1 : 1). Detection was by negative 
electrospray tandem mass spectrometry. The standard curve, which ranged from 2 to 
500 ng/mL for all analytes and was fitted to a 1/x weighted quadratic regression 

15 model. 

Compound (A) and Compound (B) were found to be stable at room 
temperature for at least 4 h in rat and dog EDTA (emylenediaminetetraacetic acid) 
plasma prior to processing for analytical work and for at least 24 h at 4°C in an 
autosampler after processing, and for at least 5 weeks at -20°C or lower in rat and dog 
20 plasma, and through at least 3 freeze-thaw cycles. In addition, both analytes were 
also found to be stable in fresh rat and dog EDTA whole blood at room temperature 
for at least 0.5 h. 

1.2 Pharmacokinetics in mice: Compound (A) was administered 
intravenously (5 mg/kg) and orally (48 mg/kg) to female CDFi mice. For the rV 

25 route, Compound (A) was dissolved in 20% ethanol solution and was given as a bolus 
dose. For the oral route, solutions of Compound (A) were prepared as a 3:7 mixture 
of ethanol:phosphate buffered saline (0.25 M, pH 8.0) and administered by gavage. 
Plasma samples for determinating concentrations of Compound (A) were taken from 
3 separate mice at 5, 15, and 45 min, and 2, 4, and 6 h after the IV dose, and at 15 and 

30 45 min, and 2, 4, and 6 h after the oral dose. 

After TV administration, the systemic clearance or total body clearance 
(CLT) of Compound (A) was 68 mL/min/kg and represented 76% of the liver blood 



-34- 



WO 02/058699 



PCT/US02/01693 



flow (90 mL/min/kg) and the steady-state volume of distribution (VSS) of 6.3 L/kg 
suggested extensive extravascular distribution, since the total body water in mice is 
approximately 0.7 L/kg {See, B. Davies and T. Morris, Physiological Parameters in 
Laboratory Anim als and Humans," Pharmaceutical Research, 1993, 10 (7), 1093- 
5 1095). The terminal elimination half-life (T-HALF) was approximately 3 h. 

After oral administration of Compound (A), the peak plasma 
concentration (CMAX) was 5983 ng/mL and the time to reach CMAX (TMAX) was 
achieved at 0.25 h postdose, suggesting that the absorption of Compound (A) was 
rapid. The absolute oral bioavailability of Compound (A) was 31%. 

10 1.3 Pharmacokinetics in rats: Compound (A) was given as a single 

intraarterial (2 mg/kg; 10 min infusion), oral (8 mg/kg), and intraduodenal (8 mg/kg) 
dose to fasted male Sprague Dawley rats (n = 3-6 per group). All dosing solutions 
were prepared in 20% ethanol. Plasma samples were obtained over a period of 24 h 
after dosing and the concentration of Compound (A) was determined using the 

15 LC/MS/MS assay. 

After intraarterial administration, the plasma concentration-time 
profiles exhibited biphasic disposition with a rapid decline until 2 h postdose and a 
slow terminal phase. The CLT (mean value = 56 mL/min/kg) of Compound (A) 
represented 100% of the liver blood flow (56 rnL/min/kg), and the VSS (mean value = 

20 23 L/kg) was suggestive of extensive extravascular distribution, since the total body 
water in rats is about 0.7 L/kg (See, B. Davies and T. Morris, Physiological 
Parameters in Laboratory Animals and Humans," Pharmaceutical Research, 1993; 10 
(7), 1093-1095). The mean T-HALF value was 9.6 h. 

After oral and intraduodenal administration, mean CMAX values were 

25 228 and 642 ng/mL, respectively; TMAX values were 0. 1 7 h and 0.08 h, respectively, 
suggesting that the absorption of Compound (A) was rapid. The absolute oral 
bioavailability of Compound (A) after oral and intraduodenal administration in the rat 
was 7.5% and 27%, respectively. 

In another study, bile duct cannulated Sprague Dawley rats (n = 2 per 

30 group) received a single intraarterial (10 mg/kg) or oral (20 mg/kg) dose of 

Compound (A), and bile, urine, and plasma samples were collected over a period of 9 
h after dose. There was negligible excretion of intact Compound (A) in the bile (C 
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1% of the dose). There was some detectable amount of Compound (A) in the urine, 
but actual concentrations were not quantified due to lack of stability data for 
Compound (A) in the urine. Several drug-related compounds in the urine and plasma 
were tentatively identified by LC/MS and included an isomer (M+0), and a hydrolysis 
5 product (M+l 8). In addition, a metabolite (M-2) was detected in the plasma 

1.4 Pharmacokinetics in dogs: Male beagle dogs (n = 3) were 
administered a 10 min IV infusion of 0.5 mg/kg of Compound (A) (given as a 10% 
ethanol solution). Plasma samples were taken over a period of 32 h after dose to 
determine the plasma concentrations of Compound (A). The plasma concentration- 

1 0 time curve displayed a multiphasic profile, with an initial rapid decline in 

concentration over 2 hour after dose and a slow terminal elimination phase. The CLT 
(mean value = 17.3 mL/min/kg) of Compound (A) represented about 56% of the liver 
blood flow (30.9 mL/min/kg) and the mean VSS of 25.2 L/kg suggested extensive 
extravascular distribution based on the total body water of 0.6 L/kg in dogs. The T- 

1 5 HALF was estimated to be approximately 24 h. 

The kinetics of Compound (A) were also evaluated as part of a single 
dose IV toxicology study. Compound (A) was given as an IV infusion (ca. 15 min) at 
doses of 0.5 and 5 mg/kg to 2 dogs/gender/dose. Dosing solutions of Compound (A) 
were prepared in 40% propylene glycol, 5% Cremophor EL®, 5% ethanol, and 50% 

20 phosphate buffer (50 mM, pH 7.4) the day prior to dosing. Blood samples were 

obtained over a period of 48 h after dosing, and plasma concentrations of Compound 
(A) and Compound (B) were determined using the LC/MS/MS assay with a standard 
curve range of 2-500 ng/mL for both analytes. For doses of 0.5 and 5 mg/kg of 
Compound (A), the mean CMAX values for Compound (A), combined across gender, 

25 were 218 and 5118 ng/mL, respectively, and the mean AUC values were 3 1 6 and 

6925 h.ng/mL, respectively. For doses in a ratio of 1 : 1 0, the mean CMAX and AUC 
values for Compound (A) were in the ratio of 1 :23 and 1 :27, respectively, suggesting 
that the kinetics of Compound (A) were nonlinear between 0.5 and 5 mg/kg doses. T- 
HALF, MRT(INF), CLT, and VSS were not determined due to the limited sampling 

30 used in the study. 

For Compound (B), the mean CMAX values were 95.6 and 984 ng/mL 
for the 0.5 and 5 mg/kg dose groups, respectively, and the mean AUC values were 
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55.0 and 1 109 h.ng/mL, respectively. The mean CMAX and AUC values for 
Compound (B) were in the ratio of 1 : 10 and 1 :20, respectively. Gender effect on the 
kinetics of Compound (A) could not be conclusively evaluated due to a small sample 
size, but the kinetics appeared to be reasonably similar between gender. 
5 This study shows that a dose related increase in the systemic exposure 

to Compound (A) is observed with the increase being more than proportional to the 
increase in dose. Furthermore, dose-related increase in the systemic exposure to 
Compound (B) was also observed. 

10 Example 2: Toxicokinetics in Rats 

The toxicokinetics of Compound (A) were evaluated in a single dose 
IV toxicology study in rats. Dosing solutions of Compound (A) were prepared in 
50% propylene glycol, 10% Cremophor EL, 10% ethanol, and 30% phosphate buffer 
(50 mM, pH 7.4) the day prior to dosing. Compound (A) was given as an IV infusion 

15 (ca. 3 min) at doses of 10, 25, and 30 mg/kg to 3 rats/gender/dose. Serial blood 

samples were obtained over a period of 24 h after dosing, and plasma concentrations 
of Compound (A) and Compound (B) were determined using an LC/MS/MS assay 
with a standard curve range of 2-500 ng/mL for both analytes. At a dose of 10, 25, 
and 30 mg/kg, the mean CMAX values of Compound (A) in male rats were 6422, 

20 19066, and 24414 ng/mL, respectively; in female rats, the mean CMAX values were 
8384, 20524, and 25054 ng/mL, respectively. The mean values for the area under the 
concentration vs. time curve (AUC) for the 10, 25, and 30 mg/kg dose group were 
3864, 1 1980, and 19269 h.ng/mL in male rats, respectively; in female rats, the values 
were 8156, 28476, and 34563 h.ng/mL, respectively. For doses in a ratio of 1:2.5:3 

25 proportion, the mean CMAX values of Compound (A) for males and females were in 
the ratio of 1 :3.0:3.8 and 1:2.5:3.0, respectively, and the AUC values were in the ratio 
of 1:3.1:4.9 and 1:3.5:4.2, respectively. T-HALF, mean residence time over the time 
interval zero to infini ty MRT(INF), total body clearance (CLT), and VSS were not 
determined due to the limited sampling used in the study. 

30 For Compound (B), the CMAX and AUC values across gender and 

dose groups ranged between 499 to 1787 ng/nt and 222 to 2003 h.ng/mL, 
respectively. The CMAX values for Compound (B) in males and females were in the 
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ratio of 1:2.6:3. 6 and 1:3.0:2.8, respectively, and the AUC values were in the ratio of 
1 :3. 4:7.0 and 1 :4.3:5.5, respectively. AUC values of Compound (A) and Compound 
(B) were higher by 1.8 to 2.4-fold and 1.3 to 2.0-fold, respectively, in female rats 
compared to male rats. 
5 This study shows that there is a dose-related increase in systemic 

exposure to Compound (A) with the increase being more than proportional to the 
increase in dose, with females having higher exposure.than male rats. Furthermore, 
dose-related increase in the systemic exposure to Compound (B) was also observed. 

10 Example 3: Pharmacodynamic Studies of Compound (A). 

A series of experiments were conducted to evaluate the anticancer 
activity of Compound (A) administered as an IV infusion over a period of 10 h in 
nude female mice bearing subcutaneous human ovarian carcinoma (Pat-7 tumor). 
Compound (A), as a solution in 10% ethanol, was aciministered at doses of 3 to 150 

1 5 mg/kg. Results from these experiments suggested that a dose between 3 to 6 mg/kg of 
Compound (A) was considered to be a minimum effective dose (defined as a dose 
required to produce activity equivalent to 0.5 log cell kill). In a series of parallel 
experiments, the apparent steady-state concentrations of Compound (A) was 
determined in mice after 1 0 h IV infusion doses of 3 to 1 50 mg/kg. Plasma 

20 concentrations of Compound (A) were deterrnined at 2, 4, and 6 h after the start of the 
infusion, and were comparable for each dose level across time points suggesting that 
steady-state was reached by 2 h. Therefore, the concentrations at 2, 4, and 6 h were 
averaged to determine an apparent steady-state concentration. Dose-related increases 
in the apparent steady-state concentration were observed over the entire dose range of 

25 3 to 150 mg/kg. The minimum effective concentration, defined as the apparent steady- 
state concentration achieved by the minimum effective IV infusion dose between 3 to 
6 mg/kg, was observed to be between 15 to 45 ng/mL (ca. 30 to 90 nM). 

Example 4: In Vitro Studies on the Metabolism of Compound (A) 
30 Upon incubation of Compound (A) (40 :M) with mouse, rat, dog, and 

human liver microsomes fortified with nicotinamide adenine dinucleotide phosphate 
(NADPH), the rate of oxidative metabolism of Compound (A) was 2.1, 0.7, 1.2 and 
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1.3 nmol/min/mg protein, respectively. Moreover, the metabolite distribution was 
similar among all species (metabolite masses included several M+6 and M-2 
compounds). Qualitatively, there appeared to be similar production of metabolites of 
Compound (A) after incubation with rat or human hepatocytes compared to 
5 microsomal incubations. Products similar to those arising from the chemical 

degradation of Compound (A) appeared to be the major products in the hepatocyte 
incubations. 

The ability of Compound (A) to inhibit the major human cytochrome 
P450s (CYPs) responsible for the metabolism of drugs was evaluated in vitro using 

10 recombinant human CYP isoforms. IC 50 values for inhibition of deethylation of 3- 
cyano-7-ethoxycoumarin (CYP1A2, CYP2C9, CYP2C19, and CYP2D6) and for 
inhibition of dealkylation of benzoylresorufin (CYP3A4) were determined. 
Compound (A) was a weak inhibitor of human CYP3A4 with an average IC50 value of 
7.3 p.M (3.7 p.g/mL). The compound did not inhibit CYP1A2, CYP2C9, CYP2C19, 

15 and CYP2D6. These in vitro results suggest that Compound (A) may have minimal 
potential to alter the metabolic clearance of drugs that are highly metabolized by 
CYP3A4, and is unlikely to significantly alter the metabolic clearance of drugs 
metabolized by CYP1 A2, CYP2C9, CYP2C19, and CYP2D6. 

Compound (A) was incubated with human liver microsomes along 

20 with compounds specific for the inhibition of individual cytochrome P450s commonly 
involved in drug metabolism. The inhibitors used were; furafylline (CYPIA2), 8- 
methoxypsoralen (CYP2A6), orphenadrine (CYP2B6), sulfaphenazole (CYP2C9), 
tranylcypromine (CYP2C19), quinidine (CYP2D6), troleandomycin (CYP3A4), and 
ketoconazole (CYP3A4). Significant inhibition was observed only with the CYP3A4 

25 inhibitors, both of which completely inhibited the biotransformation of Compound 
(A). Thus, in humans, Compound (A) may be a substrate for CYP3A4. 

The permeability coefficient (Pc) of Compound (A) was studied in the 
Caco-2 cell culture system, an in vitro model for human intestinal absorption. The Pc 
of Compound (A) at 10, 30, and 100 pM (ca, 5, 15, and 50 pg/mL, respectively) 

30 concentration was 94, 105, and 128 nm/sec, respectively. The Pc of some model 

compounds, for which the bioavailability in humans is known, was also determined in 
the same experiment. These compounds included salicylic acid, acetaminophen, 
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ibuprofen, and propranolol, all of which had Pc > 200 nm/sec and are at least 90% 
absorbed. The Pc values of 94-128 nm/sec for Compound (A) suggests that 
Compound (A) has the potential for good absorption in humans. 

5 Example 5: Pharmacokinetics and Absolute Oral Bioavailability of Various 
Formulations of Compound (A) in Beagle Dogs. 

The absolute oral bioavailability of various formulations of Compound 
(A) in adult male beagle dogs (n = 4) was evaluated. Compound (A) was given as a 
10 10 min.intravenous (TV) infusion (0.5 mg/kg), a buffered oral solution (2 mg/kg), and 
a buffered oral suspension (1 mg/kg). 

5.1 Experimental Design: The experimental design for the study is 
given in Table 1. 



15 Table!. 



Experimental Design 



Period 


Treatment 


Route 


Dose 
(mg/kg) 


Formulation 


No. of 
dogs 


1 


A 


IV 


0.5 


Solution in 40% 
propylene glycol, 5% 
ethanol, and 55% 
phosphate buffer (50 mM, 
pH-7.4) 


4 


2 


B 


Oral 


2 


Solution in 58% 
propylene glycol, 12% 
ethanol, and 30% 
phosphate buffer (1 M, pH 
8.0) 


4 


3 


C 


Oral 


2 a 


Buffered suspension in 
l%Avicel®RC591 
containing phosphate 
buffer (2 M, pH 8.0) and 
citric acid (85 mM). 


4 


4 


D 


Oral 


2 


n.a d 


n.a. d 



b Treated 15 min prior to dosing with pentagastrin (6 :g/kg; intramuscularly). 
This treatment was not administered due to lack of an evaluable formulation. 
''Not Applicable. 

The design was a single-dose, four-treatment, four-period, non- 
randomized, crossover design. Compound (A) was given to four adult male beagle 
dogs as a 10 min TV infusion (0.5 mg/kg), a buffered oral solution (2 mg/kg), or a 
-40- 
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buffered oral suspension (2 mg/kg). For IV administration, Compound (A) was 
formulated as a solution (about 0.375 mg/mL strength) in 40% propylene glycol, 5% 
ethanol, and 55% phosphate buffer (50 mM, pH=7.4). The oral solution of Compound 
(A) (about 1.5 mg/mL strength) was prepared in 58% propylene glycol, 12% ethanol, 
5 and 30% phosphate buffer (1 M, pH 8.0) as the vehicle. For the oral suspension, 
Compound (A) was suspended in 1% Avicel® RCS91 which contained phosphate 
buffer (2 M) and citric acid (85 mM). Upon reconstitution, the pH of the buffered 
suspension was about 8.0 and the strength was approximately 0.75 mg/mL. Due to 
cumulative toxicity the dose for the oral suspension scheduled during the third 

1 0 treatment period was reduced from 2 mg/kg to 1 mg/kg. Furthermore, the fourth 
treatment was not administered for lack of an evaluable formulation. The wash-out 
period between treatments was at least 7 days. Serial blood samples were collected 
over 24 h after dose administration and concentrations of Compound (A) and 
Compound (B) were determined using a LC/MS/MS assay with a standard curve 

1 5 range of 2-500 ng/mL for both analytes. The LC/MS/MS assay was the same as used 
in Example 1. 

Analytical runs consisted of standard, quality control (QC), and study 
samples. The plasma volume used for analysis was 0.2 mL and the standard curve 
range was 2 to 500 ng/mL for both analytes, defining the lower limit of quantitation 

20 (LLQ) and upper limit of quantitation (ULQ), respectively. If the predicted 

concentration of a study sample was less than that of the lowest standard, the value of 
the predicted concentration was reported as <LLQ. If the predicted concentration was 
greater than that of the highest standard, the result of that analysis was reported as 
>ULQ and an appropriate volume of that sample was diluted with blank plasma and 

25 reanalyzed. 

5.2 Animal Preparation, Handling, and Dose Administration: Four 
adult male dogs with venous access for drug administration and blood collection were 
selected for the study. The dogs were acclimated for at least one week prior to study 
initiation and were housed in individual steel cages. Animals were identified by a 
30 unique number and by a tag attached to the cage. The dogs were offered drinking 

water ad libitum, and fed once a day with standard canine diet except for an overnight 
(about 12 h) fast prior to dosing which was continued until 4 h after dosing. Fifteen 
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(15) minutes prior to administration of the buffered oral suspension, the dogs were 
pretreated with pentagastrin (6 :g/kg; intramuscularly). Pentagastrmn pretreatment 
was used only for the oral suspension leg. The IV dose was administered as a 
constant-rate infusion over a period of 10 min using a calibrated infusion pump. The 
5 oral solution and suspension doses were administered by gavage and the gavage tubes 
were rinsed with 20 mL of water. 

5.3 Sample Collection and Handling: Serial blood samples (3 mL) 
were collected at predose, and 10 min (TV only; end-of-infusion), 15 min , 20 min (TV 
only), 30 min, and 45 min, and 1 h, 1.5 h, 2 h, 4h, 6h, 8 h, 12 h, and 24 h after 

1 0 dosing. Blood samples were collected into Vacutainer® tubes containing K3-EDTA 
as the anticoagulant and the contents of each tube were mixed by gently inverting the 
tube. The blood samples were then placed immediately on chipped ice. Plasma was 
obtained vvitbin 30 min of collection by centrifuging the tubes at approximately 4°C 
and 2000 x g for 5 min. Plasma samples were stored at or below -20°C until analyzed 

1 5 for the concentrations Compound (A) and Compound (B) . 

The following acceptance criteria were applied a priori to each 
analytical run for the analysis of Compound (A) and Compound (B) in plasma. The 
predicted concentrations of at least uiree-fourths of all calibration standards shall be 
within 15% of their individual nominal concentrations (20% for the LLQ); at least one 

20 replicate of the lowest concentration in the standard curve shall be within 20% of their 
nominal concentration for that level to qualify as the LLQ; and the predicted 
concentrations of at least three-fourths of all QC samples shall be within 1 5% of their 
individual nominal concentrations. 

5.4 Pharmacokinetic Analysis: The peak plasma concentration 
25 (CMAX) and the time to reach peak concentration (TMAX) were recorded directly 

from experimental observations. The area under the plasma concentration-time curve 
from time zero to T (AUC(O-T)), where T is the time of the last measurable plasma 
concentration, was calculated using the trapezoidal rule (See, M. Gibaldi, et al., 
Pharmacokinetics, 2 nd ed., New York, NY, Marcel Decker, p. 445-91982). T-HALF 
30 was not determined due to the limited tenninal phase sampling used in the study. 
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The mean plasma concentration-time data of Compound (A) and 

Compound (B) are presented in Table 2. The corresponding graphical representations 

for Compound (A) and Compound (B) are depicted in Figures 1 and 2, respectively. 

Table 2. Mean (Standard Deviation (SD)) Plasma Concentrations of 
5 Compound (A) and Compound (B) in Dogs. 



Time 3 
(h) 


Mean (SD) Plasma Concentrations (ng/mL) 


Compound (A) 


Compound (B) 


rv c 


Oral Solution 0 


rv c 


Oral Solution" 


Predose 


0 


0 


0 


0 


0.17 


1120(189) 


e 


0 




0.25 


152 (9.9) 


251 (i 50) 


3.8 (0.4) 


4.1 (3.9) 


0.33 


73.0 (4.2) 


e 


2.3 (0.2) 


e 


0.5 


38.2 (2.8) 


335 (73.7) 


1.4(1.2) 


21.3 (6.6) 


0.75 


28.6 (1.6) 


141 (75.8) 


0 


27.2 (3.6) 


1 


24.7 (3.9) 


74.1 (26.4) 


0 


23.8 (1.7) 


1.5 


20.1 (2.3) 


ns/ 


0 


n.s. r 


2 


17.4(1.8) 


35.5 (7.9) 


0 


8.4 (2.7) 


4 


14.5 (1.4) 


21.8(6.9) 


0 


2.8 (0.3) 


6 


12.6 (0.9) 


17.2 (4.7) 


0 


0.8 (1.3) 


8 


12.6(1.7) 


17.6 (4.4) 


0 


0 


12 


9.5 (1.4) 


12.8 (4.1) 


0 


0 


24 


5.7 (1.3) 


7.5(1.9) 


0 


0 



a Represents the nominal collection time. Minor variations from the nominal 
collection times were considered to have no significant impact on the overall 
interpretation of the results. 
10 b All concentrations for the buffered oral suspension were <LLQ (2 ng/mL) and are 
not presented in this table. Values <LLQ were considered to be zero for mean (SD) 
calculations. If concentrations from all dogs at a given time was <LLQ, the mean is 
represented as zero. 

0 n = 3. The plasma concentration time-profile for one dog was inconsistent with the 
15 10 min IV infusion dose since the observed TMAX was 1 .0 h; this dog was omitted 
for calculating the mean 

0 n = 3. One dog vomited shortly after dosing and hence was omitted for calculating 
the mean. 

e Samples were not scheduled for collection. 
20 f Samples were inadvertently not collected; this deviation is not considered to impact 
the overall conclusion from the study. 

The mean pharmacokinetic parameters for Compound (A) and 
Compound (B) are presented in Tables 3 and 4, respectively. 

25 
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5 Table 3. Mean (SD) Pharmacokinetic Parameters of Compound (A) in Dogs. 



Parameters (units) 


IV * 


Oral Solution b 


CMAX (ng/mL) 


1120(189) 


365 (40.9) 


TMAX(h) c 


0.17(0.17, 0.17) 


0.50 (0.25, 0.50) 


AUC(O-T) (h.ng/nt) u 


420 (36.8) 


560 (159) 



a n = 3. The plasma concentration time-profile for one dog was inconsistent with 
the 10 min IV infusion dose since observed TMAX was 1 .0 h; this dog was 
considered unevaluable for pharmacokinetic analyses. 

b n=3. One dog vomited shortly after dosing and was considered unevaluable for 



10 pharmacokinetic analyses. 

c Median (minimum, maximum). 
d T=24 h. 



Table 4. Mean (SD) Pharmacokinetic Parameters of Compound (B) in Dogs. 



Parameters (units) 


rv a 


Oral Solution 


CMAX (ng/mL) 


3.8 (0.42) 


27.2 (3.6) 


TMAX(h) c 


0.17(0.17, 0.17) 


0.75(0.75,0.75) 


AUC(0-T) (h.ng/nt) d 


0.69(0.15) 


45.2 (4.7) 



15 a n = 3. The Compound (A) plasma concentration time-profile for one dog was 

inconsistent with the 10 min IV infusion dose since observed TMAX was 1 .0 h; this 
dog was considered unevaluable for pharmacokinetic analyses of Compound (A) and 
Compound (B). 

b n = 3. One dog vomited shortly after dosing and was considered unevaluable for 



20 phaimacokinetic analyses of Compound (A) and Compound (B). 
c Median (minimum, maximum). 
d T = 24h. 

The plasma concentration-time profile for one dog after IV 
25 administration was inconsistent with the 10 min infusion dose since the observed 
TMAX was 1.0 h; this dog was not considered to be evaluable for pharmacokinetics. 
The mean (SD) [n = 3] CMAX and AUC(0-T) values after IV administration of 
Compound (A) were 1120 (189) ng/mL and 420 (36.8) h.ng/nt, respectively. The 
AUC value obtained in this study after IV administration is reasonably comparable to 
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the AUC values observed in a preliminary IV pharmacokinetic study (mean (SD); 483 
(34) h.ng/mL) following a 0.5 mg/kg dose in dogs. 

After administration of an oral buffered solution, one dog vomited 
shortly after dosing and hence the data from this dog were considered to be 
5 unevaluable for pharmacokinetics. The mean (SD) [ n= 3] CMAX, and AUC(0-T) 
values after administration of a buffered oral solution of Compound (A) were 365 
(40.9) ng/mL and 560 (159) h.ng./mL, respectively. The mean AUC value obtained 
in this study after an oral solution is approximately 2-fold higher compared to the 
dose-normalized mean AUC value (257 h.ng/mL) obtained in a single dose oral 

10 toxicity study in dogs. Although the oral formulation for both studies was identical, 
the total volume of the oral solution administered in the current study was about 1 .3 
mL/kg while that in the toxicology study was 04 mL/kg. Thus the milliequivalents of 
buffer delivered in the current study were about 3 -fold higher than those administered 
in the toxicology study, which may have provided better neutralization of gastric pH 

15 in the current study. Compound (A) is an acid labile drug, thus, the higher exposure 
after oral solution in the current study compared to the toxicology study is likely 
related to better protection from gastric acid degradation. For the two dogs that had 
pharmacokinetic parameter data after a(iministration of both the IV and oral solution 
dose, the absolute oral bioavailabiUty was 48.3% and 30.6%, respectively (mean 

20 value = 39.5%). 

CMAX and AUC(O-T) values for Compound (B) indicates that dogs 
were exposed to Compound (B) after administration of the IV and oral solution dose; 
animals were not exposed to Compound (B) after dosing with the oral suspension. . 
Systemic exposure to Compound (B) after oral administration was markedly higher 

25 than after IV administration. 

These results show that for the two dogs that had IV and oral 
pharmacokinetic parameter data, the absolute oral bioavailability was 48.3% and 
30.6%, respectively (mean value = 39.5%). 
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Example 6: Liquid Oral Formulation of the Pharmaceutically acceptable acid 
neutralizing buffer. 

Buffers were formulated having the following composition: 





Buffer 
Composition #1 


Buffer 
Composition #2 


Ingredient 


Amount (g) 


Amount (g) 


Dibasic Sodium Phosphate 
Anhydrous, USP 


4.258 


5.688 


Sodium Citrate Dihydrate, 
USP 


2.941 


2.942 


Citric Acid Anhydrous, USP 


0.232 


0.256 


Sucrose, NF (optional) 


15.00 


15.00 


Cherry Flavor (optional) 


0.075 


0.075 


Total 


22.5 


24.0 



The buffer is constituted with 140 mL of water to provide 150 mL of a 
liquid oral dosage form. The liquid oral dosage form has a pH of 7.43 ± 0.07 (6 
measurements). The average acid neutralization capacity of 5 liquid oral dosage 
forms was 49.7 (standard deviation 0.17, relative standard deviation 0.34% ). 

Example 7: Stability of a Liquid Formulation of Compound (A) 

The stability of compound (A) in 80:20 propylene glycol:ethanol was 
evaluated by reconstituting 25 mg Compound (A) with 80:20 propylene 
15 glycohethanol to provide a liquid oral dosage form at concentrations of 2.5 mg/mL to 
12.5 mg/mL. The resulting liquid oral dosage form was then stored up to 20 hours at 
ambient temperature (20°C to 25°C) and room light and at refrigerated temperature 
(2°Cto8°C). 

No changes from initial were observed in the appearance of the liquid 
20 oral dosage form at either storage condition. An increase in total 

impurities/degradants and a decrease in potency were observed after storage at 
ambient temperature and room light for 20 hours. A slight increase in total 
impurities/degradants was observed after 20 hours storage at refrigerated temperature. 
The change in total impurities was attributed to an increase of an oxazine 
25 impurity/degradant whose structure is depicted below: 
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5 




Samples were analyzed using HPLC with a 75 mm x 4.6 mm i.d., 3.5 :m particle 
size Waters Symmetry Shield RP8 column and with UV detection at 240 nm. 10 :L 
1 0 injection volumes were used, the column was maintained at ambient temperature and 
the flow rate was 1 rnL/min. Analysis times were 1 hour and samples were eluted 
using gradient elution with a mobile phase of water (0.05% acetic acid) (mobil phase 
A) and a mobile phase of acetonitrile (0.05% acetic acid). The elution profile is 
described in the table below. 

15 





Mobil Phase Composition 




Time (minutes) 


%A 


%B 


Gradient Profile 


0 


90 


10 


Isochratic 


3 


90 


10 


Isochratic 


43 


40 


60 


Linear 


45 


40 


60 


Isochratic 


50 


90 


10 


Limear 


60 


90 


10 


Isochratic 



These results demonstrate that the liquid oral dosage form, at 
concentrations of 2.5 mg/mL to 12.5 mg/mL, can be stored at ambient temperature for 
up to 6 hours and under refrigerated temperature for up to 20 hours. 
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Example 8: Synthesis of Compound A. 

[1S-[1R*,3R*(E),7R*,10S*,11R*,12R*,16S*]] -7,ll-Dihydroxy-8, 8, 
10, 12, 16-pentamethyl-3-[l-methyl-2-(2-methyl- 4-thiazolyl)e1henylj-4-aza-17- 
5 oxabicyclo[14. 1.0] heptadecane-5,9-dione. 

Compound 1: (3S, 6R, 7S, 8S, 12R, 13S, 15S)-15-Azido-12,13-epoxy- 
4,4,6,8,12,16-hexamethyl-7-hydroxy-l 7-(2-methyl-4-thiazolyl)-5-oxo-16- 
heptadecenoic acid. 

A solution of epothione B (0.35 g, 0.69 mmol) in degassed THF (4.5 

1 0 mL) was treated with a catalytic amount (80 mg, 69 mmol) of 

tetrakis(triphenylphosphine) palladium (0) and the suspension was stirred at 25°C, 
under Ar for 30 min. The resulting bright yellow, homogeneous solution was treated 
all at once with a solution of sodium azide (54 mg, 0.83 mmol) in degassed H 2 0 (2.2 
mL). The reaction mixture was warmed to 45 °C for 1 h, diluted with H 2 0 (5 mL) and 

1 5 extracted with EtOAc (4x7 mL). The organic extracts were washed with saturated 
aqueous NaCl (15 mL), dried (Na 2 S04), and concentrated in vacuo. The residue was 
purified by flash chromatography (Si02, 3.0 x 15 cm, 95:5.0:0.5 CHCl 3 -MeOH- 
AcOH) to afford Compound 1 (0.23 g, 61 %) as a colorless oil. MS (ESI+): 551 
(M+H) + ; MS(ESI-): 549 (M-H)-. 

20 Compound 2: (3S, 6R, 7S, 8S, 12R, 13S, 15S)-15-Amino-12,13- 

epoxy-4, 4, 6, 8, 12, 16-hexamethyl-7-hydroxy-l 7-(2-methyl-4-thiazolyl)-5-oxo-16- 
heptadecenoic acid. 

A solution of Compound 1 (0.23 g, 0.42 mmol) in THF (4.0 mL) was 
treated with H 2 0 (23 mL, 1.25 mmol) and polymer supported triphenylphosphine 

25 (Aldrich, polystyrene cross-linked with 2 % DVB, 0.28 g, 0.84 mmol) at 25°C. The 
resulting suspension was stirred at 25°C under Ar (32 h), filtered through a Celite pad 
and concentrated in uacuo. The residue was purified by flash chromatography (Si0 2 , 
1.5 x 10 cm, 95:5.0:0.5 to 90:10:1.0 CHCl 3 -MeOH-AcOH gradient elution) to afford 
Compound 2 (96 mg, 44 %) as a colorless oil. MS (ESI 4 ): 525.2 (M+H) + ; MS(ESI-): 

30 523.4 (M-H)-. 

Alternatively, to a 25 mL round-bottom flask charged with Compound 
1 (0.26 g, 0.47 mmol) and Pt0 2 (0.13 g, 50 wt %) was added absolute EtOH under Ar. 

-48- 



WO 02/058699 



PCT/US02/01693 



The resulting black mixture was stirred under one atmosphere of H2O for 10 h, after 
which time the system was purged with N2 and an additional portion of Pt02 (65 mg, 
25 wt %) was added. Once again the reaction mixture was stirred under a blanket of 
H2O for 10 h. The system was then purged withN 2 , and the reaction mixture was 
5 filtered through a Celite pad eluting with CH 2 C1 2 (3 x 25 mL). The solvents were 
removed in uacuo and the residue was purified as described above to afford 
Compound 2 (0.19 g, 75%). 

Alternatively, a solution of Compound 1 (20 mg, 36 mmol) in THF 
(0.4 mL) was treated with triphenylphosphine (1 9 mg, 73 mmol) under Ar. The 

10 reaction mixture was warmed to 45°C, stirred for 14 h and cooled to 25°C. The 

resulting iminophosphorane was treated with ammonium hydroxide (28 %, 0.1 mL) 
and once again the reaction mixture was warmed to 45°C. After 4 h, the volatiles 
were removed in vacuo and the residue was purified as described above to afford 
Compound 2 (13 mg, 70 %). 

15 Compound A: [1S-[1R*,3R*(E),7R*,10S*,1 1R*,12R*,16S*]]-7,11- 

Dihydroxy-8, 8, 10, 12, 16-pentamethyl-3-[l-methyl-2-(2-methyl-4- 
tbiazolyl)ethenylJ-4-aza-17-oxabicyclo [14.1.0] heptadecane-5,9-dione. 

A solution of Compound 2 (0.33 g, 0.63 mmol) in degassed DMF (250 
mL) was treated with solid NaHC0 3 (0.42 g, 5.0 mmol) and diphenylposphoryl azide 

20 (0.54 mL, 2.5 mmol) at 0°C under Ar. The resulting suspension was stirred at 4°C for 
24 h, diluted with phosphate buffer (250 mL, pH = 7) at 0°C and extracted with 
EtOAc (5 x 100 mL). The organic extracts were washed with 10% aqueous LiCl (2 x 
125 mL), dried (Na 2 SC>4) and concentrated in vacuo. The residue was first purified by 
flash chromatography (Si0 2 , 2.0 x 10 cm, 2-5 % MeOH-CHCl 3 gradient elution) and 

25 then repurified using a Chromatotron (2 mm SiCh, GF rotor, 2-5% MeOH-CHCls 
gradient elution) to afford the title compound (0.13 g, 40%) as a colorless oil: L H 
NMR (CDCI3, 400 MHz) * 6.98 (s, 1 H), 6.71 (d, 1H, NH, J= 8.1 Hz), 6.56 (s, 1 H), 
4.69 - 4.62 (m, 1 H), 4.18 - 4.12 (m, 1 H), 4.01 - 3.96 (m, 1 H), 3.86 (s, 1 H), 3.38 - 
3.34 (m, 1 H), 2.82 (dd, 1H,J 5.6, 6.0 Hz), 2.71 (s, 3 H), 2.58 (s, 1 H), 2.43 (dd, 1 H, 

30 J = 9.0, 14.5 Hz), 3.34 (dd, 1 H, J = 3.0, 14.5 Hz), 2.14 (s, 3 H), 2.05 - 1.92 (m, 2 H), 
1.82 - 1.41 (a series of multiplets, 7 H), 1.35 (s, 3 H), 1.28 (s, 3 H), 1.18 (d, 3 H, J = 
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